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TWO STUDIES CONCERNED WITH THE REPRESENTATIONAL ROLE OF
DEMGNSTRATIONS IN TEACHING CONCEPTS AND PRINCIPLES OF SCIENCE ARE
REPORTEDe THE TWO STUDIES WERE PERFORMED WITH DIMENSIONS OF VISUAL
TV PRESENTATIONS VARIED IN THE CONTEXT OF PROGRAMED LESSOGNSe STUDY
ONE COMPARES THE EFFECTIVENESS OF REALISTIC (LIVE) WITH NONREALESTIC
(ANIMATED) DEMGNSTRATIOGNS UNDER INTUITIVE AND NONINTUITIVE
CONDITIONSe TIME~TO-COMPLETE SELF-PLACED VERBAL PROGRAMS; ERRGRS ON
PROGRAMS AND ACHIEVEMENT TESTS,; AND INTEREST AND CREDIBILITY
MEASURES YIELDED COMPARATIVE DATAe THE DATA SUGGEST THAT
NONINTUITIVE GUTCOMES MAY HAVE LESS CAPACITY FOR CONFIRMIMB STUDENT
PREDICTIONS OF EXPERIMENTAL OUTCOMES THAN INTUITIVE OGUTCOMES.
DIFFERENCES BETWEEN INTUITIVE AND NONINTUITIVE DEMGNSTRATI®NS WERE
SIGNIFICANTLY AFFECTED BY THE MODE OF PRESENTATIONe RESULTS SUBBEST
REALISTIC AND UNREALISTIC PRESENTATIOGNS MAY HAVE THE CAPACITY TO
REINFORCE ATTENDING BEHAVIORS. THE CAPACITY APPEARS TO DEPEND BN THE
DEGREE GF INTUITIVENESS OF THE PHENGMENA DEMONSTRATEDe STUDY TMO®
COMPARED THE EFFECTS GF DIRECT AND INDIRECT EXAMPLESe THE STUDY WAS
CONCERNED WITH THREE PROPERTIES OF THE EXAMPLES=-=CONVERGENGE OR
DIVERGENCE OF STRUCTURAL AND FUNCTIOGNAL CHARACTERISTICS, THE DEGREE
OF INTERNAL SIMILARITY AMONG EXAMPLES WITHIN A SERIES OF EXAMPLES
ILLUSTRATING A CONCEPT, AND THE AVAILABILITY GF MEDIATING VERBAL

RESPONSESe FEW STATISTICALLY SIGNIFICANT DIFFERENCES WERE OBTAENED,
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~ Wben comcapts are taught in science, viswals can serve thruhy functions.
They omn function as euss; as reinforobment, or as exsmples. The two studies

‘reported hera were comosrned with the effect two properties of visuals bave

on these fumctions in lessons designed to teach concepts. Oue mropsrty cop- -
coarns the realiss of visuals; the other the literalness vith wvhich they repre-
sent Qmﬁi. . .

- A y of live animstad dag tions.

Two separate lessons, one on Bernculli's Principle and one on Archimedes' Princi-
Pla, wery progressmd for eighth greders. For each lesson,live and animated ver-
sloms of the viswal demonstrations wers prepsred fir television presentation.

Bk demcnstretiot wait wes serially intermixed with & self-pacud verbel progrem
sovering tias sems comoupis md primciples. IDependent msasures to contrast the
live and snimated versisws of the visuxl demowetrstiont inclufied: time-to-complete
the self-paced vexrhal grogress, schievemsnt data based on the visusl and verbal
ropram, and questiommaire data concerning the interest value and credibility of
desonstration outcomes. ‘

No significant differences in achievement were found batween the groups receiving
redlistic and non-realistic visual presentations. On time-to~complete the self-
paced verbal program spd on quastionnaire items requiring students to indicate
their level of intersst in doing the expeximents they hed sesnm or to predict
what the outcomes weuld be if they did them, there weres signifiocsnt dtfferences

. betwesn realistic and nom-realistic trsateent grovps. Bui the direction of the

difference depsnded on the intuitivenses or familiarity of the iesson content.
The events 1llwstrating belanced forces needed t0 understand Archiimsdes' Princi-
ple are highly intuitive. The events illustrating Bernowlli's Principle (e.g.,
candle flmmes bending towerd moving air) are non-intuitive. Hhile thers wers
sisesble differences on questioonaire items between intuitive and non-intuitive
demonstyations, the differences between reelistic and mon-realistic vorsions
depended on (1.¢., interscted with) the intuitiveness of ihe material. The most
consisteant intersction obtained appears to support the summsary conclusion shown
in the following figure: . . .

intuitive

tive, seeing them live results in more interest in wantimg %0 try them than wben
ey are sesn in animmiion. Seedng them ix snimmtien, however, resulss in more
bo:. WDER ntoemis are intwitdve, it ix

ey
o g e e




. reinforce sttending behavior depends on the intuitiveness of the events.

40 be neoded for furtber research on the role of vicwml swemiss in tosohing con- .

O

outcomes may have & lessensd capacity to provide %Zw responses

(student predictions). The general conclusion drewn stody is that

viswl demonstrations serve squally well as examples (to fwsilitate concept
acquisition) vhether they are live or snimated., The oapacity of live or

snimated events to confira responwses (predictions or problem solutions) or to

comened

Stuly 2 - A comparison of dirsct and indirect exemples.
Two separate lessoms, ons om "haat and molscular movement” and one on "surface

" tension" were progrsamed for eighth greders. Two versions of esch visual lesson
were :

prepared. In one version all the examples used Allustrated the
concept to be taught (e.g., liguid actually shrinking). cecond version ]
all examples used illustrated the comcept; that is, results or cone

sequences wers shown ra “than the jbenomena themselves (e.g., bristles of &
brush clinging together when wet as & result of the tendency of liquids to shrink).
The visual lessons were shown cn W and each demonstration unit wes serially -inter-
mixod with e self-paced verbal program covering the same concepts and pinciples.
Dependent msacurss used to contrast the effectivensss of the direct and indirect .
versions included: errors on both visual and verbal programs, time-to-complete |
the werbal pvrogram (that alweys followed s visual demonstration), and achievement "
results. : , | :

Significant differences in error rates were cbtained between treatments, but, -
since the overall error rates wers so low (less than ten per cent) it wus con-
cluded that the differences were of negligible praciical importance. ‘Ganerslly,
othor differences obtained were not significant.

To account for these findings an analysis wvas msde of the propsriies of visual -
examples that appear to influence thelr capacity to foster response goneralization N
(concept acquisition). The properties identified included: (a) the convergence
or divergence of the superficial, atructural properties (physical charactaristics) -
of examples and their functionsl (conceptual) chermcteristics; for direct examples

they coincide; in indirect examples they dAlverge and for response generalization -
to occur to the functionml properties, & connection must be established between .
the structural and functional properties; (this differsnce between direct and l
indirect suggests an important rols for animstion, namely, presenting directly -

(in animation) wvhat is othervise uncbservabls in nature and could ouly be repre-

sented indirectly through observable outcomes or effects); (b) the degree of -
similarity smong exssples; for response generalization to ocour, students must _,l
be sbls to recdignise the relesvant similarities within a series of sxamples; and

(c) availability of medisting verbal respounsss to the visus) events; it is likely 4

£0 be the case that by means of medisting verbal respobses that relevent simi- |
larities zmong visual events ars more essily recognised and the comwction between -

structursl and functionsl yxopertiss established; the more resdlily aveilable such _

medisting respouses are, the less differsnce, s batween direct and indirect l
examples, one might expect 4o £ind in the case of responss gensralisation. ’ -

The series of demomstrations ueed in this study, both dirsst and Indirect, appesr v

to have possessed a high degres of internel similarity. MNediating verbel responsas _]
to the visul examples are likely %0 have besn at high strength. This my sccount

for the nogative findinge of this stuly Dut sines e wessurs of either variable -

ves svallsble, this cannot be stated with coutidemes. It does suggest, however, |
that, measres for such varisbles, alibough difficult 4o implemms, sve likely -

——

cepts and principles. - |
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GENERAL INTRODUCTION

The grospect thet ydotorial materisls might beve a unigue and effective
role to play in education hes hed & particularly seductive appeal foo sduca-
tors a8 vell as audio-visual specialists. The enthusiastic conviction that
8 plctuwrs is wordh & thousand words has however clearly outdistanced the
resseroh to demonstrate that it 1s so. And if 1t is indeed 80, research

“results have failed to identify systematieslly hov the maxim might be
approyriately implemented. To paraphrase & perhaps less ancient saying
(rather freely), wbat has besn needed for some time is & little more research
and & 1ittle less wwupported praise for piotures..

Iooking at the research that has been done, it is casy to ses, &8 re-
viewers Spaulding (1955) wnd Allen (1960) have pointed out, that the bulk
_ of %he research on pictorisl illustratious has concerned itself with the
j jeelerences of children and adults for various types of pictures. Investiga-
' - tions by Kloower (1960), Bou (1953), Fremeh (1952), Miller (1936), and
Rudis1ll (1952) Lave been concerned with jreferences for: plotures in color
~ va. in black and white; simple vs, complex drawings; photographs vs. line
drawings; reslistic vs. non-reslistic drawings; and various cosbinations of
the above dimensions. Rarely in studies of this kind is it meds explicit
. what instructiooel cutcomes are expected as & result of veristions in these
dimanwions. Is calor supposed 1o arouse interest or to facilitate understanding?
Will particular responses be cued bettar by a realistic than by a non-
reslistic presentation? Unless it is made explicit what function plotures,
in vhichever guise, are expscfed to socomplish, it is unclesr what ths con-
© sequence of using an unpreferred type of picture rather than a preferred
typs would be or vice versa.

The implications that ses to undarlie preference-ressarch ars that soms
typss. of plcetures will be less umnrulﬂ.narmw interest or in holding
attention or, parbaps, as & result of this effect lesi succassful in geperate
m mum Btudies linking dimensions of pictures with interest,
o5, Maclean end Mexard (1953}, o with measures. of undarstasding, e.g.,
Fosseson and Bryant (1960), Rosensdein sed Bancer, 1961, and Spaulding (1956)
are fow in mmder. Moveover, thees studies ac vell as others in audio-viswl

———— .
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areas, because they also fail to identify specific fnstructional yoles for
_pictwa: s bave nradmod rnult- of limited mmiubuity for p;tcture-. |

&”WWW
 In common with other research areas, generalization of results from |
research on pictorial muntutim is contingent on such sampling consider-
ations as the selection of: subjecto, lesson toplcs, or learning tasks.
There is the dunger of results being specific to a particulay age or refer-
ence groups, to a particular lesson or Irogram, or to a particular kind of
letrning task. Thers 1s aleo the ever-prasent problem of how to generalize
from & controlled laborstory study to more practical applications or from
the instructionsl process in one. global field study to another. As the
review of such studies by Travers (1964) makes clear, research on pictorial
materials has involved both laboratory typs and field type studies. Thus ’
the familiar difficulties in generalixing are felt hers too.

The problems of generalisation across laboratory and field studies is
not, however, simply a matter of precision of experimental control in the
one and not in the other. While it is true that the more global, field
stulies (by definition) represent an smalgam of varisbles, coutrolled expsri-
ments can be done within their framework., Wiat is required is the careful
preparation cf imnstructionsl msterials so that it is possible to specify
the precise instructional role esch portion of & total lesson or awldio-
visual presentation is expscted to play. Nesearch cen then foous on specific .
roles and on the capacity of specific dimensions of pictoriml waterisls in
fulfilling them,

Functions of Plotorial Materials

In response oriented versions of programmed instruction, one requira-«
ment in proparing esch sepmeni of an instructionsl sequence is the precise
ddentification of lttnul:l. under whows control respooses are to be brought
and how such respooes conh'ol 18 to be mroduced. Applisd to awdio-visual
,munumu the wograming approsh rcquiru similar identification of

the rols, or Tolek, ﬂsm b ﬂ& ummm oontrol.
Mmmm:lmh shwations, Gropper
1963; 196%; asﬁ)mmmmm vmmm:m in
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h.inging about ralme control. m two priury functions they can fwlfill

.are as crd.terion or as. mwmmy stimdi. In the Lormer - -ease, they are:
| the at:lmli unuer vhose control ruapomn are to be braught. . In the latter

case,. they ulru.dar possess rupom- ‘control and ave unad, in an instrumental
way, to w3’ ranpomus so that con't;rol can be transferred to still other
ut:l.muli, genorally verbel stimuli, Within this primery framework, visual
or pictorial materials can be used to cue responses, %o reinforce responses R
or to serve as muplu 8s & means of facilitating response generalization

- (that is, acquisition of concepta). For these various roles, it is scme-

times possible to choose between words or pictures. In his most recent

‘Teport, Gropper (1966) has suggested.some instructional strategy considera-

timu in opting for pictures. These include the Pfacilitation of learning
eave: (a) for students of lesser sbility (either due to prior experience
or age com:ldorut:l.om); (b) for all students when material is particularly
cd-plox, and (c) for material presented early in the acquisition stage.

In any of these cituations, the grester ease of learning from pictures may
be capitalized upon to meet the response readiness cf the learnsr.

By specifying the functions visuals are to play at esch and every seg-
ment of an instructional sequence(vhether as contexts, or cues, or response
options, or confirmation) it is possible to mscertain how well visusls serve
those fmctions. Unlike globel, end-of-lesson evaluations, identification
of specific, localized functions can provide anmalytic and perhaps more .
gevralisable answers to traditional ressarch questions explored in sudio-
visual instruction. Thus, on the issue of, for example, color vs. black
and vhite, an entire lesson in either form would not be conp-rcd on & global
basis with a comparable lesson in the other form. ¥hile this 1s & legiti-
mte ayproach to the problew, the results are likely to be relatively
undifferentiated (as to why one form should be better than the other) and
hence not as generalizeble as cne might wish. On the other hand, evidence
that color stimli or blsck and white stimli serve well &5 cuss or as cone
firmation «t particuiar points in a lesson csn moducs more spscific,
analytic, and generalizable conclusions. Ry specifying functions visuals
are sxpected to play, even an applied study can begin to approach the tight-
ness of a laboratary study and as urnulttom the process of generaliz-
m ousior.
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METHOD

The purpose of this study is two-fold: (1) to determine whether con. i
cepts and principles are learned as well from non-realistically presented
examples (science demonstrations) as from the same examples presented real-
istically; and ( 2) to determine whether there are differential effects of
a confirmation sequence presented either realistically or non-realistically.
Stated as hypotheses: (1) there appears to be little theoretical ground
to expect differential effects on concept acQuisition contingent on the -
realism or non-realism of a series of demonstration examples; and (2) since
the credibility of s realistica..ly presented example is apt to be greater
than for & non-realistically presented example » ‘their confirmation value
may be expected to differ.

Design of mperiment

Independent variebles. - Two lessons were prepared for presentation
on televis:!.on, one covered Archimedes' Principle, the other Bernoulli's
Principle. Each of the two lessons was prepared in two versions: a real-
istic version consisting of live (on TV tape), table-top demonstrations
11lustrating the concepts and principles to be learned; and a non-realistic ]
version of the same demonstration presented in animation (transcribed to (z
TV tape). Each lesson was segmented into several fixed-paced TV units, and
units were serially intermixed with a verbal self-paced unit covering the !
same material as was covered in the preceding fixed-paced v:l.sua:l. unit.
This arrangement is summarized in Figure 1, on page 6. ;]

{

The primary independent variable » a8 can be seen from the table, is the

. realism of the presentation. By using two lessons, a second variasble was

studied, the intuitiveness of the phencmena demonstrated. The relationship
of balanced and unbalanced forces to motion (in preliminary explanation of
Archimedes' Principle) is in keeping with the prior learning history of
eighth grade students. Phenomena covered by Bernoulli's Principle (to be
described below) are not. Thus, demonstrations in keeping with experience
(intuitive) could be contrasted with those that are in conflict with or
counter to experience (non-intuitive). It is recognized, of course , that
wvhile the comparison of realistic vs. non-realistic versions, based as they

:)i
!
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l are on the same content, permits generalizations to be drawn, the comparison
- of intuitive vs. non-intuitive does not. The latter comparison is contingent
? I' on the particular lesson chosen and hence results are more limited as to
, their generalizability.
i:‘; I! . Independent variables and the design of the ‘experiment may be summarized
K S as follows: '
| E
Group I Group 1T
'@ realistic non-realistic
" intuitive ~ intuitive
demonstration demonstration
non-realistic realistic
non-intuitive non-intuitive
B ‘demonstration demonstration

Dependent variasbles. - Dependent variables consisted of such learning

5 '} measures as time-to-complete self-paced, verbal programs, errors on p;ograms,
'j and achievement tests. They also consisted of scores on attitude scales
i - relating to the interest level and credibllity of the demonstrations seen.
i

(A1) of these measures will be described in more detail below.)

Procedures

-.§ ,] The schedule that follows was adhered to by ali prerticipating classes,

with minor variations in timing to allow for ongoing or previously scheduled
3 activities in the schools.

Week 1 - in the schools:

(1) Administration of pretests.

(2) Administration of a program on
"Learning From a Program."

Week 2 - in the schools:

"Force and Motion" (concepts necessary to
an understanding of the experimental programs).

li (1) Administration of a preliminary program on
.7-




Week 4 - in the studios of s

3 (1) Stmultanecus administration of two versions of
each experimental program on TV tape: (a)

]‘ , balanced forces and Archimedes' Principle; and -
| ~ Bernoulli's Principle.

L | (2) Administration of the identical gelf-paced
| verbal programs on the same ’Eopica serially
é intermixed with portions of the TV presentation.

o (3) Administration of an immediate posttest and a
questionnaire.

o Week 6 - in the schools:

(1) Administration of a retenticn test (1dentical with
the original test).

, . Experimental Materials

Instructional materials developed for this study included twc frc- -
experimental programs administered in the schools and two experimental 7]
Frograms administered over closed-circuit TV in the studios of WQED and ¥
(simultaneously) in a banquet room of an sdjacent hotel. 7

?, | Pre-experimental materials. - The two programs administered before the

' conduct of the main experiment were designed to fulfill two different func- 7]

X tions. One, entitled "Learning From a Frogram" was dssigned, as its title

|  Bugaests, to familiarizs participating subjects with the mechanics of going -
through a program and of profiting from & program. The program tries to "
encourage students to produce a response before looking at the confirmation

; frame or, stated lese delicately, not to cheat. This rrogram is reproduced il
in Appendix A, page 44. The second pre-experimental program deals with
concepts of "force" and "motion" both of which are necessary prior concepts ﬂ
‘ for understanding the content of t'he main experiuental programs. Thus s in i
- addition to providing extra familiarization with "programs," the program 7
served to bring perticipating subjects up to a common level of prior knowl- !
edge. The "force and motion" program is reproduced in Appendix A, pege U49. ™

Both preliminary programs, as well as both self-paced verbal programs -
used in the main experiment » wWere prepared in the REP style of programming I
o developed by Gropper (1965b). Briefly, this type of program requires the L
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production or constructica of responses only after the student has edited
lesson material (leaving key sections of lessons unchanged if they are
correct or changing them if they are incorrect). Editing responses in turn
| are required only after recognition responses are made. The sequence recog-
: nition, editing, and production is designed to match the response readiness
of the loarner at different stages of learn‘ng., Other features of this style
of programuing (some of which are held in common with other styles of program-
ming) are: the acqu:ls:l.tz.on of discriminations through the selection of
multiple-choice options; the acquisition of generalizations through multiple
and varied examples; the use of make-up-a-sentence type production frames in
vhich studcnts may be expected to produce elements of stimwlus contexts ,
responses, or both; and the requirement of long, complex, verbal responses.
A fuller description of the rationale for this style of mrogremming is pre-
sented in programmed form in the citation made above (Gropper, 1965b).

Main experimental materials. - Two lessons were prepared for study,
one on Bernoulli's Principle, the other on balanced forces and their

application to Archimedes' Principle. Each lesson consisted of individual
segments made up of fixed-paced demonstrations serially intermixed with
self-paced verbal materials. Each demonstration segment and the self-paced,
verbal segment that followed it covered the same concepts and principles.
The demonstration segments, prepared for shiowing on v, were designed to
teach concepts and principles through discriminstion practice with concrete
events, Word.s used during the demonstration only described the events (in
concrete terms) and did not explain them. The concept .of balanced forces ’
for example, was acquired by students as they practiced making diserimina-
tions about the alternative consequences of attaching an equal or unequal
number of weights to a model' truck' that moved on a fixed platform. Or sy In
the lesson on Bernoulli's Principle » students practicad making discriminae
tions about alternative effects of moving air or still air on candle flames,
paper held in a horizontal position, ete. Not only were the stimulus
meterials (examples) thet were used for concept acquisition concrete, but
response options were also concrete, 1. ¢., plctorial options rather than
words. Response booklets containing the pictorial options for both programs
appear in Appendix A, starting on pages 22 and 26. This style of programming
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wes developed by Gropper (1965a). Both verbal programs are reproduced in
their entirety in Appendix A, starting on pages 1 and 12.

The demonstration segments of the two lessons were prepared in twe forms.

. The live varsion was reproduced on TV tape in the studios of WQED.' An ani-

mated version using the identical sound track was also prepared. With a
kinescope of the taped version at hand, the animated version was designed
to reproduce in as non-stylized fashion as possible the same demonstrations
(containing as nearly as possible the same amount of complexity of stimulus
materials).

Before the demonstrations were recorded on TV tape, they were tried out
live with subjects taken from the target population (the eighth grade).
They were revised until error rates (on visual answer booklets were low,
approximately 10 per cert). Verbal programs were also tr:l.e.d out and revised
in similar fashion.

De t Measures

The achievement tests and the questionnaire forms used in thin study are
reproduced in Appendix A, starting on pages 29, 31, and 34. ‘'The dependent
measure, time-to-complete the self-paced materials was obtained for =ach
verbal segment by proctors who monitored students' work. The ensuing fixed-
paced demonstration did not begin until all studentis completed the self-
paced programs. —_

Subjects

Three sighth grade classes participated in this study, two from a
Pittsburgh Parochial School and one from s Pittsburgh City School. Students
from each class were assigned at random to each of the two treatment condi-
tions.
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RESULTS

Matching Measures

At the completion of the experiment ,» students who had been assigned at
random to experimental treatments were metched for IQ and Work Rate on pre-
experimental programs. Only matched cases were selected for the analysis
of data, so that the variables IQ and Work Rate could be treated as inde-
pendent variables, each at two levels. There resulted a 2x2x2 design for
data analysis, representing two levels each of IQ and Work Rate and the
two experimentally manipulated conditions (1ive vs. animated presentations).
The results of the matching procedure are sumarized in Table 1, which is
based on seven cases per cell, for a total of 56 cases.

Table 1

Results of Procedures for
Matching Subjects Across Conditions™

GROUP 1 GROUP 2
Animated: Bernoulli's Erinciple Live: Beraoulli's Principle
Live: Archimedes* Brinc;gg! Animated: Archimedes' Princigple
I8  Pretest  Work Rats*t I3  Pretest  Work Rate*t
—_ Fast 121 10 27 120 9 26
o Slow 121 o 22 120 9 perd
Fast 1 7 109 6 26
1o o7 27 9
"'!S Slow 108 8 a2 109 T ‘ 22

+z.'e.au1ts reportad as means; "“"time-to-complete in mirutes

I: shows that there was a separation of approximately 11 IQ points between
high and low IQ groups. This difference was statistically significant at
the .00l level, as shown in Table 1 in Appendix A, page 56. Table 1, both
in the text and in the Appendix also » shows that there was not a significant;
difference in IQ either between experimental treatments or between Work Rate
levels. Similar results can be found in text Table 1 for Work Rate and in
Appendix Table 2. Fast and slow levels were significently different on
Work Rate at the .00l level. No significant differences were found for
Work Rate between the remaining cells of the design. Table 1 also records
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freteat scbres for each of the eight experimental cells. Appendix Table 2

‘recaords » &8 might be expected in advance, a significant difference in Pra-

test ‘scores between high and low IQ levels. Diffg:"ences in Pretest scores
between other cells were not significant. '

Dependent Measures

The results of ihis study are organized end reported under several head-
ings. Each heading will concern either a measure of achievement or & measure
obtained from the questionnaire administered after both lessons were presented.

'A. Achievement Measures

7

(1) recall of demonstration outcomes. - At the conclusion of the
two lessons (on Bernoulli's Principle and Archimedes' Principle) a question-
naire was distributed to each subject (r.eproduced in its entirety in Appendix
A, starting on page 34). Five questions were asked about each of ten
demonstrations. Each of the five questions appeared on a form labeled A,

By C, D, and E. Form B required the subject to indicate what the outcome
was for each of ten demonstrations he had seen. The stem was presented in
pictorial terms and the options (possible outcomes) were also presented in
pictorial form as illustrated in Figure 2 below.

Which way did each of the following experiments turnm out? Put sn X
next to the picture which shows which way it turned out.

It turned out It twrned out
this way. this way.

bloving air past candle
Tlames 6 0 <

i —xil —fi

Fig. 2. Sample item from Form B of the questionnaire administered to
participating subjects.
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Table 2, containing results obtained from Form B, contrasts the real-
istic and non-realistic versions of the same demcnstration. This comparison
! is made separately for the intuitive and non-intuitive demonstrations. As
o can be noted in the table, for neither the intuitive nor the non-intuitive |
demonstrations was there a significant difference_ between realistic and
non-realistic versions in the percentage of correctly recalled outcomes.
In general, 95 pér cent of all demonstration outcomes were correctly

recalled. |
Table 2 . |
Percentages of Correctly Recalled Outcomes for
Realistic and Non-Realistic Versions of Demonstrations
© Intuitive ' Non-Intuitive
Demcnstrations Demonstrations
demtration- realistic non-realistic reaiistic non-realistic
correct 9§$ 9% ol% . ST 99%
incorrect o &% 3% . 1%
~ 100% 100% 100% 100%
# ot |
responses 650 I 1%0 185 185 1% ;
Xa-.a, dr-l’ AO ) P)oso 12n2-3, df.l, 20) P)ol;l ;

Table 3 regroups the data of Table 2 in order to compare the intuitive
and non~intuitive demgnstrationa. This comparison is made separately for
the realistic and non-realistic vercions. In both versious » the outcomes
of the non-intuitive demonstrations were recalled correctly more often the
the outcomes of the intuitive. The differences between intuitive and non-
intuitive outcomes, although small, were statistically significant in both !
analyses as summarized in Table 3, page 14.

. 3
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Table 3 j
Percentages of Correctly Recallsd Cutcones for :

Intuitive and Non-Intuitive Demonstrations -
Renlistic Non-Realdstic :
Demonstrations Demonotrations

duomtrat:lom intuitive noneintuitive intuitive non-intuitive Tﬁ

%# 924 97% 9u% 99% -

o% 3% 6% 1% -

100% 100% 160% 100% !

# of N
Tesponses I 650 I 140 185 185 0 j
I fﬂ!"olp df-l, oOS) P )o@a xa-aol, 6:‘1, P ( 001 b

(2) achievement test results. - Achievement test results parallel
those Jjust described for recall of demonstration outcomee. Although theve
are differences between means for realistic and non-realistic treatments,
as shown in Table L, for neither the intuitive nor the non-intuitive demon-
strations were these differences significant. Complete analysis cf variance
results for these comperisons are presented in Tables L to 7 in Appendix A.

Table L4

Imediate and Delayed Achievement Test Scores
for each of Two Iessons Presented both
Realistically and Non-Realistically ]

Intuitive Non=-Intuitive

Archiwedes ' Principle’ Bernoulli's Principle’t

Ismediate Test Delayed Test Inmediate Test Delayed Test

Mean S.D. - ‘Mean 8. D. Mean S, D,  Mean 8. D.
realistic 15.6 (2.0)  13.9 (2.6) 0.3 (5.0) 7.9 (5.7)
non-realistic k.3 (3.8) 13.k (3.6) 2.4 (4.7) 9.7 (5.7)
axalysis of ¥3.79 Fu.b R Fed.of .
d4ffarances are1/kB agw1/k8 are1/ii afu1/k3 I

+tota) possible points = 24; Hrtotnl possible points w 22
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(3) work rate. - Following an intuitive or a non-intuitive demon-
stration segment presented either in realistic or non-realistic form, all
students went through tke identical self-paced veérbal program (covering the
same concepts illustrated by the demdnstrations) Time-to-complete each
segment was recorded for every student. The sum of such scores for all
segments resulted in a work rate score for each participating subject.

The work rate scores of subjects who had watched the realistic demonstration
were then compared with those of students who had watched ‘the non-realistic
demonstrations. This comparison for both the mtuitive and non-intuitive
demonstrations is summarized in Table 5

Table 5

A Comperison of Work Rate Means on Self-Paced Programs
for Groups Which Had Previously Watched either a Realistic
or Non-Realistic Demonstration :

(in minutes)
Intuitive Non-Intuitive
Archimedes' Principle Bernoulli's Principle

Mean S, D, Mean 8. D,
realistic 4.4 (3.0) 25.1 (2.9)
non-realistic 32.2 (4.0) 30.0 (5.6)
enalysis of F=6.03% Ful8, TN
differences ar=1/48 ar=1/48

significance levels: * « 5¢; e .  1g

As can be noted in the table, significant differences between treat-
nsents resulted. The direction of the differences varied s however, as be-
tween the lesson on Archimedes' Principle and the lesson on ‘Bernoulli's
Principle. For the "intuitive" lesson on Archimedes! Princ:l.ple s the
animated or non-realistic version of the demonstrations resulted in shorter
completion times on the subsequent self-paced verbal program For the
"non-intuitive" lesson on Bernoulli's Principle , the live or real:l.stic
version resulted in shorter completion times., The analysis of variance
sumnaries for these comparisons are presented in Tables 8 and 9 in
Appendix A.




B. Questionnaire Data

Two item types were employed the questionnaire administered at the
conplet:l.qn of the entire experiment. One type of item was intended to assess
the "interest” value of identical demonstrations presented either in realistic

or non-realistic versions. The other item type was intended to assess the
"credibility" of the demonstration outcomes.

(1) interest in trying demonstrations. - Subjects were instructed
to indicate their |

ments. The entire duestiénnaire form (Form A) designed to measure their
interest level is reproduced in Appendix A. The beginning portion of the
farm, including the response options for a sample item, is reproduced in
Figure 3. .

Yor sach of the expsriments vhich you just sav, put an X in the column vhich
shows whether you would 1iks to try it yourself. |

Would 1ike '
to try it Would like No interest

very such. to tzy it. in trying it.

bloving air past candle flaxss

ﬁ

Fig. 3. Sample portion of Form A in the Questionnaire.

A chi-square analysis of the frequencies of endorsemsnts of the three
rating categories for all demonstrations resulted in significant chi-square
values for both the intuitive and non-intuitive demonstrations (with "very
much interested" and "interested" categories combined). Differences between
realistic and non-realistic versions varied in direction from intuitive to
non-intuitive demonstrations. As noted in Tsble 6, on page 17, for intuis
tive demonstrations considerably more interest was expressed in the real-
istic than in the non-realistic demonstrations. Yor non-intuitive demon-
strations, however, jrec:l.uely the opposil.te vas found, the magnitude of the
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A difference being considerably smaller. The non-reslistic version drew more
R Positive endorsements than d1d the realistic versiocn.

Table 6

Ratings of Intornt Iavel for
Realistic and Non-Realistic Demonstrations
(in porccntl.gu)

i tuitive * Nou-Intuitive |
Gemoristrations realistic non-realistic realistic non-realistic
very much '
tnterted 6us 654 3% a3
-Anterested '
no interest 36% 35% 62% ) ] 17%
200% 2006  200% 100% 200%
j | f.::wm | T34 l 205 285 . 185 159
xa30.1, a1, PCo001] Xak.2, atel, .05>P).c2]

-

: The data of Table 6 were regrouped to permit a comparison of intuitive
: and- non-intuitive demonstrations. This comparison was made separately for

\ realistic and non-realistic versions. As summarized in Table T, on page

, 18, it can be noted that for both the realistic and non-realistic versions,
more interest was expressed in the non-intuitive than in the mtuitive

| demonstrations. However, this finding was statistically significant only
for the non-realistic version.




-
Table 7 | _ I
Ratinge of Interest Level for . i
Intuitive and Noa-Intuitive Demonstrations. -
(in percentages) }
all Realistic - Non-Realistic
demonstrations intuitive non-intuitive © intuitive non-intuitive y
very much i
it 6w 65 (£ T 304 634 1
interested 1
no intesrest 36% 35% 27 62¢ 7%
’ 100% 100% 100% 100% 2006 -
# of , —
N eoronses l 734 | 209 185 . 185 259
WPa2.b; agai, 20D P .20 X2e69.6, dfal, P ¢.00L

1

z

(2) credibility of demonstration outcomes. - Form E of the question-

naire, reproduced in part in Figure L below and in iis entirety in Appendix , .

. A, attempted to get at the reasons for student interest in trying experiments.
Options were designed to determine the credibility of demonstration outcomes
(and thereby their potential confirmation valuej.

L ¥ N

Wwﬂdmhnmwm‘mhorthfmmw

[ S S

Just curious to To check to see Don't believe it ]

soe how it would if 1t would come wvould come out
come out, out the same wy. the seme way. _

bloving air past candle
flames

Fig. 4. Sample portion of Form E of the Questionnaire.
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The data of Table 8 summarize the differences in ratings obtained for
realistic and non-reelistic versions of the demonstrations., Ganoru.lly,
shown in the table, non-realistic versions wvere disbelieved more than their
realistic counter-parts. The differsnces were small and, only ror the
intuitive demonstrations was the differenca significant.

Table &

Reasons Endorsed for Wanting to Try
Realistic and Non-Realistic Demonstrations
- (in percentages)

all Intuitive Non-Intuitive
demonstratic:s realistic non-realistic realistic non-realistic

Just cuwrious 33 e 324 33% 208
to check ) 63% 64 kv ksg
tocm e | a3 of b ‘238 279

100% 100% 100% 100% 100%
' - -
responses I 660 I ks 185 285 45

x2eB.7, d2e2, .02 P D.01 £e1.2, a2, .50>P 3.30|

Regrouping the data of Tsble 8, it is possible to contrast the reasons
endorsed for wanting to try either .intuitive or non-intuitive demonstrations.
As shown in Table 9, on page 20, the outcomes of non-intuitive demonstrations
were disbelieved more often than were outcomes of intuitive demonstrations.
This finding was significant and held true whether or not the comparison
was made for realistic or for non-realistic versions.

ot (o
g
RY [




Tebls 9

Reasons Endorsed for Wanting to Ty
Intuitive and Xon-Intuitive Demonsirations

(1n percentages)

= i

Nealistic " Non=Realistic

| |
.11 oy
ll demonstrations intuitive non-intuitive intuitive non-intuitive %
; Just curious 33¢ 3% 33% 324 208 o
to check Sk 63% Lig 6u% hs% B
don't beli
x owome | 3 LI M m
100% 100% 100% 100% 100%
#of
! responses 660 145 185 185 145 .
| ¥2=39.3, af=2, P .00 Xou33.1, afa2, P {.00L

(3) prediction of outcomes if experiments were to be tried by

students. - Forms C and D of the .queationnaire further attempted to assess ﬁ

the credibility of the experimental outcomes. Form C required subjects to

_’ indicate how the experiment would turn out if they tried it. A sample por-
tion of this form is reproduced in Figure 5.

L M \&

If you tried each of the following experiments yourzelf, vhich way 4o you think
l they wonld turn out? Put an X next to the picture vhich shows vhich way you think
1t would turn out if you tried it.

[EESEXS ]

It would tun It would turn
out this way. out_this way.

bloving air past candle
<V

s .
4 B 4

Fig. 5. A sample portion of Form C of the Questionnaire.
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Form D went one step further. It indicated how the demonstration ‘turned
out on the screen and then asked hcw the demonstration would turn out if the
subject himself tried it. A sample of this form is reproduced in Figure 6

When these experiments vare done on the screen, they came out a certain way.
If you did these experiments yourself, vhich way would they come out? Put
an X next to the picture which shows vhich way you think it would turn out

if you tried it.

It would turn It vould turn
out this vay. out this way.

.

This is wvhat happened when air
was biown t candle flames.
B e 3 <X

TR ¥

Fig. 6. Sample portion of Form D of the Questionnaire.

Responses on both Forms C and D were categorized as same outcomes or different

outcomes (depending on their agreement with the actual outcomes presented on |
the scrcen).

The results of Table 10, on page 22 » indicate that for intuitive demon- ’
strations, the realistic version led to more prediétiona (on both Forms ¢
end D) that were in keeping with outcomes presented on the screen. However, |
the differences are small and anly one of them was significant (Form D). )
For non-intuitive demonstrations, the reverse was true. More predictions
based on the non-realistic version were in keeping with demonstrated out-

comes. Here, too, only the difference measure cbtalned was significant
(Form ¢).




Table 10
Predictions -of Outcomes for
Realistic and Non-Realistic Presentations -
. (in percentages) R
FORM C i B
all Intuitive Non-Intuitive \
_ refictions demonstrations realistic aon-reslistis realistic non-realistic
& same outcoms | 866 o %8 76 o5t
e 4 M
- 100% ~ 100% 100% 100% 100% » : 1
! :.2:” - | e | 45 282 . g 245
I | inloﬁ, “d, 53°> P )-20 If“-u: d‘ﬂ-! 005 )P )-02
YORM D i 1
same cutcome 80% 904 9% 81% 82¢% -
different f
= . N '
{ 100% 100% 200% 100% 100%
\ 4
| of |
- L'm - 629 130 185 . 185 129
ubo1, atel, .05)P >.02 XPu.1, afad, .80DP ).70

The data of Table 10 are regrouped in Table 11 to compare the intultive E g
and non-intuitive demonstrations. As shown in this latter table, in all
four comparisons intuitive outcomes were predicted correctly more often
than non-intuitive outcomes. Three of the four comparisons were statisti-
cally significant. '

80




Table 11

Pred:lcﬁio:iq of Outcomes for
Intuitive and Noa-Intuitive Demonstrations

(in percentages) :

all Realistic Fmic Hon-Realistic
Jxedictions Ademonstrations intuitive non-intuitive intuitive non-intuitive
same outcome a6% o 7% ang 8%
= 5 - R
100% ' 100% 100% 2009 100%
t-.:;m., 666 245 gk | . 282 145
22,1, ata1, p<.000 Xu3.1, dal, .20>P >.05]
. YORM D
same outcome 88% 90% 81%. 92% 824
outcﬁn:ti .ia.* iy iy iy 2o
100% 00% 200% 100% 200%
A 629 130 185 . 185 129
f;a-ao.a, atel, P¢.001 12.8.2, ata, P <.00
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DISCUSSION

"The, introduction to this report stressed the nsed in research on visuals

of ldentifying specific functions assigned to visuals in instruction. It is
" clear from reading the method section of this report that, in this study,

visuals have been assigned several functions. They have served to cue re-
sponses and to confirm responses. They have also served as a series of
examples to promcte response generalization (concept acquisition). The
experimentel variations involving realism and non-realism have not been
specific to any one function. There has not been, for example, a variation
in the realism of Just confirmation stimuli (with all other functions con-

! stant -- that is, all realistic or all non-realistic). The experimental
variations ir. the realisa of the presentation have involved all functions.
In the non-realistic vercion, for example, cues, confirmation, and examples
were all non-realistic. JIn the light of this variation in realism for an
amalgam of functions, can useful gsneralizations about realism or non-
realism be drawn from the results?

The live (on tape) visual demonstrations used in this study were pro-
grammed. This means that visuals were assigned specific functions to ful-
f£ill. The program was tried out empirically and revised. The result of
this entire procedure was a visual program that produced a low error rate
(on response practice items built into the presentation). Within such a
tried out program, visual stimuli could be judged to have fulfilled their
designated functions adequately, whether as cues, as confirmation, or as
examples.

Comparing an animated or non-realistic vercion of the program with the
live or realistic original makes it possible to assess auy deterioration
in effectiveness (e.g., in error rates) that might result from altering the
realistic charactar of the presentation. While it is true that such a com-
parison does not attest specifically to the adequacy of non-realistic visuals
as cues or cf non-realistic visuals as confirmation, etc., it can attest to
any change in adaquacy of an entire program in which specific functions (in
combination) had been previously judged to be adesguately fulfilled. Any
evidence of deterioration would be a clear indication of the nsed for a
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separate, analytic study of the effect of non-realism on each function.
However, error rates for the realistic and non-realistic versions of the

|
|
visual program were negligible and non-significantly different. Achieve-
' ment data, while also dependent on the self-paced, verbal programs that
were taken by groupé receiving either the realistic or the non-realistic

I versions of the visual demonstrations » 8lso indicate that there were no
significant differences between the two groups. Recall of demonstration

l outcomes also yielded no significant differences between realistic and non-
realistic versions.

|

[

|

[

These achievement dats suggest no deterioration in effectiveness from
the original live visual demonstration as a result of their presentation in
animated or non-realistic form. The capacity of visuals in either mode +o
serve.as cues or as examples should come ag no particuiar surprise. Through
Axperience in the classroom, the theater » or at home in front of the tele-
vislon screen, responses to live events are likely to have gereraiized not
only to fiimed or taped representations of them but also to animated repre-

| [,’ sentations. The effectiveness of non-realistic presentations in generating
1 understarnding might more readily be called into question for those who have
; E not yet had experience with filmed or animated representations of real events.
' This, of course, means the very young, the disadvantaged, or those in other
| ﬂ' cultures. But, even in our ourn culture, and for age groups that have had

experience with "representations" of real events, therc might be some ques-~
o tion whether non-realistically nresented demonstration outcomes would have
L the capacity to confirm responses.

o i As Gropper (1963) has suggested, visual. events come, after a long series
/ 5 of experiences, to confirm the adequacy of our behavior (that we have tied

: - out shoes properly or shaved wall, etec.). Visuals are thus presumed to

L ecquire a generalized confirming property. They also confirm the outcomes
of others' behaviors snd indeed of inanimate events (e.g., science demon-
strations). Whether non-realistic, visual events have the same capacity

to confirm is what this study has attempted to assess.

i (_ The achievement data suggesting no deterioration in effectiveness of

\ the live, original versicn as & result of its transformation into an animated
H “f

i [ version could not provide specific evidence of the confirmation adecuwacy of

—
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of non-realistically presented demonstration outcomes. Achievement data
were, as pointed out above, the product of the adequacy of the entire visual
presentation in all its functioms. Additionally, they were the product not
only of the visual presentation but also of the same seli'-paced, verbal
program used in both the realistic and non-realistic treatments. Cther
data, however, including the questionnaire results » While not providing
evidence as to how well the confirmation function was actually fulfilled,

are more specifically relevant to the potential value of non-realistic
events in providing confirmation.

In questionnaire data and in work rate data for the self-paced, verbal
mrograms, there were differences between the realistic and non-realistic
treatment groups. These differences were » however, not simply a function of
the realism of the demonstrations. They were in part a furction of their
intuitiveness. Disbelief was expressed more often for outcomes of the non-
intuitive demonstrations. One of the cutcomes contrary to prior experience
was, for example, candle flames bending toward rather than awvay from blowing
air. Prior experience 1s more likely to have confirmed that blowing sir
past a flame is likely to cause it to flicker or that blowing air at an
objJect is likely to cause it to move away from the air. Candle flames moving
toward ths blowing air is counter to everyday experience. This being the
case, non-intuitive visual events may to some extent loge their capacity to
confirm student predictions of outcomes. When this does in fact oceur, the

confirming capacity of the teacher presenting the demonstration may acquire
greater limportance.

In general, the dimension of Intultiveness appears to have played a more
potent role than the dimension of realism. The outcomes of non-intuitive
demonstrations were recalied correctly more often than those of intultive
demonstrations. More interest wag expressed in wanting to try the nonw-
Intuitive experiments., The outcomes of the non-intultive demonstrations
ag chown on the sereen were disbelieved more often and, vere more often pre-
dicted as likely to be different if students themselves tried them.

Although, in general, students expressed more interest in woating to
try the non-intuitive demonstrations » bbey were somewhat less Likely +o
want to do so if they had seen 4t in ito realictic version. Interest in
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wanting to try the intuitive demonstration, on the other hand, was less
likely to be expressed if studente had ceen the non-realistic version.

Worthy of note 1s the variation in the magnitude of the differences
in expressed interest for the intuitive and non-intuitive demonstrations.
The differences between them were sizeable and significant (45%) when the
non-realistic versions of the twb are compared. The differences between
them are considerably smaller (only 8%) and not significant when the real-
istic versions of the two are compared. Interest in vanting to try experi-
ments was roughly comparable for intuitive and non-intuitive experiments
when they were presented realistically. When presented non-realistically,
interest in the intuitive experiments dropped sharply.

As to obtained date that might account for this pattern of results,
the overall differences observed between realistic and non-realistic ver-
éions were small. Those differences that are significant suggest that the
credibility of non-realistic versions was questioned more often for intui-
tive than for non-intuitive demonstrations. This would hardly account for
the conslderably smaller interest expressed in wanting to try non-realistically
presented intuitive demonstrations. Generally, non-realistic presentations
led to more disbelief, but this appears to affect intuitive demonstrations
more. Disbelief about non-intuitive outcomes appears to be held in abeyance
somewhat more when they are non-realistic.

each visual segment) also reflect an interaction between intuitiveness and ;
realism. Significantly less time was spent on the program when (a) the é
demonstration was realistic and non~intuitive; and (b) when it was non-
realistic and intuitive. This kind of interaction was identical with that
found for questionnaire data refleeting disbelief in outcomes. Although
there was no rating of the interest level of the demonstrations per se
(only e rating of interest in wanting to try the experiment), the combined
work rate data ani "disbelief" data might suggest greater interest in the ?
presentation itself as an explanation. Students appear to have worked
faster on the verbal material following the visual demonstrations they
"disbelieved" more. While time-to-complete is traditionally thought of

as a measure of learning, it is also plausible that it moy reflect interest.

27~

' | Work rate data (on the self-paced verbal programs administered after




e relationship is likely to de inverse. m,mmuummu
evidence in these data that non-realistic presentations camsot gclﬂn
asquisition bebavior, there is sons evidence to suggert, What realistic

or non-redlistic preseantztions may have the capasity to reinforce at -
Ang behaviors. This capacity appears to depend, hovever, oz the Segree

of intuitiveness of the material.
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CONCLUSION

the magnitude of the differences obtained between realistic
(1ive) and non-realistic (animated) demonstrations wae smali compared to

the magnitude of the differences obtained between intuitive and non-

intuitive demonstrations. Outcomes of non-intuitive demonstrations were

recalled correctly more often than those of 1ntuit1ve_demonstrations.
outcomes of non-intuitive demonstrations were also d
Paralleling these findings,

The
isbelieved more often.

it should be noted, more interest was expressed
in wanting to try the non-intuitive experiments.

non-intuitive outcpmes may have had less capacity
dictions of experimental outcomes than intuitive o

These data suggest that

to confirm student re-
utcomes.

Differences between 1n£uitive and non-intuitive

however, not unaffected by the mode of Presentation.

- actions were observed between the intuitiveness of the

the realism (or non-realism) of the presentation.,
realistically,

demonstrations were,
Significant inter-
demonstration and

When both were presented
small and non-gignificant differences in interest level were
observed between Intuitive and non-intuitive demonstrations.

On the other
hand, when both types were presented non-realistically, the interest level
(in wanting to try the experiments) in the non-intuitive demonstrations

was significantly and substantially greater.

Looking at the intuitive demonstrations alone,

interest in wanting to try them if they had seen the
cally.

students expressed more

m presented realisti-
The converse was true for non-intuitive demonstrations. Students

were more apt to want to try them if they had seén the non-realistic ver-

sion. Other data, however, suggest that interest levels during the presen-
tation may have been the reverse cf those just noted
time-to-complete data). ‘
preted

(e.g., suggested by
During the presentation, students, 1t is inter-
» Were more interested in the animated intuitive de
in the live, non-intuitive demonstrations.
for

monstrations and

These latter types may there-
e have been more successful in reinforcing immediate attention. What

exactly provided the reinforcement may have been different. In the one

instance it was likely to have been the non-intuitive nature of the outcome.

In the other case, it may have been the mode of presentation (animation),
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The most clear-cut pattern of interaction found in this study is summarized ;
in the figurs below. | | *

live animated I
futuwre interest |

interest
intuitive in trying during
experiments presentation 3’} ‘J
- )
| :
interest future interest ;
non-intuitive during in trying T}
presentation experiments i

The differences between realistic and non-realistic presentations appear "}
to depend on the intuitiveness of the phenomena presented. Thus, it appearc 4
that content (degree of intuitiveness of outcomes) as much as » or perhaps

more ithan, the mode of presentation may be relevant for the capacity to ]
| confirm student predictions or to reinforce attending behaviors. Since , in .
| this study, there was only one instance each of intuitive and non-intuitive }
, demonstrations, replication is clearly in order. There does appear to be an -
| interaction between realism and intuitiveness, but only with replication ‘] |

can the reliability of the apparent interactions be more clearly ascertained.
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Science demonstrations may be uvsed as a series of examples in order
to facilitate response genaralization. In teaching concepts and principles,
they ere often used in prasciseiy this way and, indeed, concepﬁ acquisition
is contingent on the use of a series of exrmples, either in & visual or
verbal mode. When they are visual, thoy may be presented either realisti-
cally or non-realistically (see Study No. 1 in this report). Another dimen-
sion along which visual examples may vary, is the literalness with which
they represent the concept to be taught (Gropper, 1963). Examples may
literally represent a principle (as when an object is shown to expand when
heated). The rrinciple concerning the rslationship between heat and expan.-
sion may also be non-literally represented. The effect of expansion may be
shown rather than expansion itself (as when a heated ball no longer passes
through a ring).

The purpose of the present experiment is to assess the effect the
literalness of examples may have on the ease with which concepts are
acquired.

METHOD

Desien of Experiment

Independent variasbles. - Two lessons were prepared for presentation
on television; one covered phenomena having to do with "surface tension,"
the other "heat and molecular action." Each of the two lessons was pre-
pared in two versions: one version contained examples that directly or
literally illustrated the concept being-taught; a second version contained
non-literal examples that indirectly illustrated the same concepts. Each
lesson, in whichever version, was segmented into several fixed-paced TV
units, and these units were serially intermixed with a verbal self-paced
unit covering the same material as was covered in the rreceding fixed-
paced visuval unit. This arrangement is surmarized in Figure l, on page 32.
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As can be seen from an inspaction of ths table » the independent variable
studied is the directness or indirectness of the visual examples. The use of
L two lessons merely serves to provide replication.

The design of the experiment may be summarized as follows:

|

| | |
[ Group I Group II
L

!
’ I1esson l: direct version Lesson l: indirect version
Lesson 2: indirect version Lesson 2: direct version

' >
Dependent variebles. - Dependent variables consisted of such learning

measures as time-to-complete the self-paced verbal program, errors on the
program, and achievement test scores.

Procedures

-~ The schedule beiow indicates the time intervals between the administra-
tion of the several instructional and evaluation materiasls used in this study
All particireting classes adhered to the schedule with minor variations
occurring for those schools prev:lmie;l.ty committed to other school activities.

Week 1 - in the schools:

(1) Administration of pretests.

(2) Administration of a program on
"Learning From a Program."

Week 2 - in the schools:

(1) Administration of a self-paced preliminary

program on "Atoms and Molecules" (concepts
! necessary to an understanding of the
experimental rrograms).

Yeek b - in the studios of WQED:

(1) Simultaneous administration of the
direct and indirect versions of
each of the two experimental programs
(on "heat" and on "surface tension"},

233
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(2) Administration of an identical. self-paced verbal
program to both experimental groups; verbal pro-
grems covered the same concepts illustrated by
the televised demonstrations and were serially
intermixed with the demonstrations.

(3) Administration of an immediate posttest.

Week 7 - in the schools:

(1) Administration of a retention test (identical
with the original test).

Experimental Materials

As can be noted in the above schedule, the instructional materials for
this study included two pre-experimental self-paced programs adminiatefed
in the schools and two experimental programs administered over ciosed-circuit
TV in the studios of WQED and (simultanecusly) in a banquet room of an
adJjacent hotel.

Pre-cxperimental materials. - The two programe administered before the
conduct of the main experiment were designed to fulfill two differenc func-
tions. One, entitled "Learning From a Program" was designed, as its title

suggests, to familiarize subjects with the mechanics of going through a
program and of profiting from the program. The program 18 reproduced in
i1ts entirety in Appendix A, page #li. The second pre-experimental program
dealing with "atoms and molecules" is reproduced in Appendix B, page 31.

Its primary purpose was, in addition to providing additional familisrization
with "programs," to bring participating subjects up to a common level of
prior knowledge, knowledge Jjudged to be necessary for successful work in
the main experimental progrems. Both preliminary or pre-experimental pro-
grams, as well as both self-pacedwggpbal programg used in the main experi-
ment, were prepared in the REP style of programming developed by Gropper
(1965b). A brief rationale for this style apvears in Study No. 1, beginning
on page 8.

Main experimentel materials. - The visuwal portions of the lessons on
"heat" and on "surface tension" were programmed in the style developed by
Gropper (1965b). 'This is described in Study No. 1, page 9. Briefly, the
Er@grammiqg approach used colle for discrimination practice with concrete
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events (and minimel use of language) as & means of teaching concepts and
principles. When language is used, it is concrete and describes rather
than explains what is occurring. The explanation (the principle) is
acquired inductively through discrimination practice based on a series
of visual (concrete) examples.

The visual, demonstration segments of each of the two lessons were
prepared in two versions. In one version, examples were direct. In +the
other, they were indirect. The differences between the two can be
illustrated by describing demonstrations used in the lesson on surface
tension. The fact that "liquids tend to shrink” was demonstrated in the
direct version by: a wet spot on a smooth surface beccming smaller and
cccupying less area; soap £ilm in a funnel getting smaller, etc, The same
tendency of liquids to shrink was illustrated in the indirect version by -
i1ts effects. When dipped in water and then removed, the bristles of a paint
brush or the fibres of a fur piece cling more tightly to each other (as a
result of the tendency of liquids to shrink). While in the literal version
the fact or principle was directly illustrated, in the non-literal version
1t was illustrated by consequences it had for other phenomens. One impor-
tant feature of the visual program was the animation of phenomenon, invisible
in nature, as direct examples. Moving molecules was one such an instance.

Before the demonstrations were recorded on IV tape, they were triled
oub live with subjects drawn from the target population {the eighth grade).
They were revised until relatively low error rates (on problems posed in
visual work books) were low, approximately 10-15 per cent. (See Appendix
B for copies of the answer books.)

Verbal, self-paced programs were similarly tried cut and reviced.
These progfamﬁ, reproduced in Appendix B, pages 1l and 12, were serially
intermixed with and were identical for both the direct and indirect visual
demonstrations.

Dependent Measures

The achlevement tests uced to assess student knowledge before, immedi-
ately after, and three weeks after the administration of the experimental
lescsons are reproduced in Appendix B, pages 28-30. Time-to-complete the
gelf-paced materials that followed each visual demonstration was also

recorded.,

35
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Subjects

T™hree eighth g;rgde classes d“rawr__;' from City and Parochial eéhocalé
participg.ted in the study. Students from each cless were assigned at
random to each of the two treatment conditions. . l
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RESULTS

Matching Measures

At 't';he completion of the experiment, students who had been assigned
at random to experimental treatments were matched for IQ and Work Rate on
pre-experimental programs. Only matched cases were selzscted for the
analysis of data, so that the variables I3 and Work Rate could be treated
as independent variables, each at two levels. There resul'ted b 2x2x2 design
for datd analysis, representing two levele each of JIQ and Work Rate and the
two experimentally manipulated conditions (direct vs. indirect examples ).
The results of the matching procedure are summarized in Table 1, which is
baced on eight cases per cell, for a total of 6} cages.

Table 1

Results of Procedures for +
Matching Subjects Across Conditiong

GROUP 1 GROUP 2

Direct: Heat Indirect: Heat

Indirect: BSurface Tengion Direct: Surface Tensiocn

I3 protest  Mork Rate*t I§  Protest  Work Rate*
.- Fagt 128 5ol 31 126 5.0 32
i Slow 126 3.6 ho 189 5.5 b3,
1 10 Fagt 115 2.9 33, . 5 3.4 38
=== Blewv 13 4.6 39 115 3.8 39

*raguits reported as means; ++Mlﬂ=t©=@@lpﬂata in Rinutoes

The teble chows thab l'bhere was a separation of approximately 12 IO points
between high and low IQ groups. This difference wag statlstically sienifi-
cant at the .001 level, as shown in Table 1 in Appendix B. Table 1, both
in the text and in the Appendix also » chows that there was not a signifi-
cant difference in IQ elther between experimental treatments or between Work
Rate Jevels. Similar recultc for Work Rate ecan be found 4n text Toble L

. and in Appendixz B, Table 2. TFost and olow levels were signlficontly dlfLope
ent on Work Rate at the .001 level. No oienificant diffevences were Lound
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for Work Rate between the remaining cells of the design. Table 1 also

records Pretest scores for each of the eight experimental cells. Appendix

B, Table 2, records no sigrificant differences between cells on Pretest
scores.

Dependent Measures

s The results of all comperisons between groups receiving direct and ' ) j’
indirect examples are summarized in Table 2. :

Table 2

Sumnary Comparison of Means on Dependent Measures
for Groups Receiving Direct and Indirect Versions
of Visual lessons

HEAT SURFACE TENSIOX

Dirsct Indirect Divect Indirect

Mean (S.D.)  Mean (8.D.) Mean (S.D.)  Mean (S.D.)
iﬁﬁ‘ggﬁ;‘?‘” 1.6 (0.6)  11.5 (0.7) L08 (1.3) 1.k (1.1)
&gsﬁgéﬁﬂ el (3.9) 2.1 (2.6) W21 (2.9) 3.8 (3.8)
tims-to-complets ‘,
verbal program 31.7 (4.8) 33.7 (8.2) . 19.7 (4.0) 18.8 (3.1) -
(in minutes -
immediate posttest 15.5 (2.7) 15.6 (3.1) 9.3 (2.8) 9.0 (3.3)
retention testt+* 13.5 _(4.0) 13.6 (.39) 5.9 (2.8) 6.3 (2.9) -

*total number of responses possible on visual "heat® program - 12; on visual "surface tension® progras - 13
+rtotal number of responses possible ¢ "heat® program - 74; on "surfuce tensic:o® nr.gram - 61 J -

++¢otal number of points possible on "heat® test - 22; on "surface tension” test - 16
*gignificance at the .05 level; *"significance at the..01l level

The significant differences are underlined and starred; the variance anslyses
for all ccmparisons appear in Appendix B.
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Although there were statistically significant differences in errors
on the verbal program, the direction was reversed on the two different
programs. More important, however, was the fact that on neither program
did the error rate approach 10 per cent. Thus, as can be noted in the
table, few statistically significant differences were cbtained. Of those
ovtained, all were of negligible magnitude and appeer to be of little
practical importance.
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DISCUSSION

In Study No. 1, it was suggested that for the acquisition of concepts
the mode of lesson presentation (realistic or non-realistic) was not nearly
so important as other characteristics of its content. The intuitiveness
or familiarity of lesson content appeared to be more crucial. Here, too,
other content considerations may be as important in influencing the =ase
of concept acquisition as the directness or indirectness of axamples.

By concept acquisition we mean that the learner acquires a generalized
response to a class of objects or events. Concepts, such as "liquids shrink"
or "molecules move faster when heat is applied to objects" are the kinds of
response generalizations required of students watching a series of science
demonstrations. For such generalization to occur, the learner must be able
to recognize and respond to the similarities among the objects or events.
Acquiring the concepts on the basis of visual examples is likely to require
some form of verbal mediation, particularly if this kind of visual lesson
18 to facilitate transfer to verbal lessons that follow it (Gropper, 1965a.).
It is to the essential similarities of the visual example that mediating
verbal responses have to be made if response generalization is to occur.

As Gropper (1963) has pointed out, most visual examples can bear either
a structural and/or functional similarity to one another. To illustrate:
all examples illustrating the expansion that follows the application of
heat, are functionally or conceptually similar. They all illustratée the
relationship between heat and expansion. Structurally, that is, in terms
of the physical events presented, they may be highly dissimilar, e.g.,
water rising in a tube, a balloon filled with air inflating, cracks in
railroad tracks widening, a ball no longer passing through a ring, a
thermostst bending, etc. These stéuctural characteristics of events are
highly visible and are dissimilar. Despite their relevance to the concept
to be learned, their dissimilarity may interfere with response generalizea-

tion to the less superficial and eritical functional or conceptual features
(the expansion of the matter involved). The greater the dissimilarity among
the superficial, structural events or attributes of objects, the more likely
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is interference with response generalization to the functional character-

istics to occur.

The highest degree of Biﬁilarity is, bf course, identity. This, too,
creates problems, for we wish responses to generalize to éll members of a
class. Solids, liquids, gases -- in all shapes, sizes, colors, etc., expand
vhen heated. With insufficient variation in these attributes; generaliza-
tion is likely to be limited. The problem thus arises in using visual
examples of arriving at a proper balance: how %o achieve sufficient varia-
tion and at the same time sufficient similarity. It is in the reconcilia-
tion of this problem that words, as mediators, can play one of their most
effective roles in audio-visual instruction.

In direct examples, structural and functional (conceptual) properties
coincide. Expanding objects directly illustrate the principle that heat
leads to expansion; submerged objects result in reduced scale readings
directly illustrating the principle that there is an "apparent" loss of
weight when objects are weighed in water; rubber balls or sponges spring
back to shape when stresses are remove&, directly illustrating what happens
to perfectly elastic bodies when stresses are removed; etc. Since struc-
tural and functional properties do not diverge, there is no barrier to
response géneraliZation to the functional or conceptual properties. This
is not to say, however, that within a series direct examples will not be
dissimilar. The depressed rubber ball or a squashed sponge or a stretched
metal coll all will return to their original shape. But there are physical
differences among them which may obscure the fact that all are variations
of a single concept, i.e., that they return to their origihal shape. So
that all are recognized as instances of a class, the essential relevant
similarities may have to be pointea out (in,words). Only then is response
generalization likely to occur. '

In indirect examples structural and functional properties diverge from
one another. Water may rise in a tube after it is heated, a ball no longer |
pesses through a ring, and a balloon inflafes vhen air expands. Or, as in ,
this study, the hairs of a brush may eling together as a result of being l
dipped in water. The student thus sees the result of water shrinking, !
rather than seeing the actual shrinking. For indirect examples to lead to ' [

I1-




efficient response generalization, two things are required: (a) the connec-
tion between structural and functional properties must be recognized; and
(b) as is also the case for direct examples, similarity among examples must
obtain. Even though they are indirect, examples can be highly similar.
When this is so, the only barrier to response generalization is establish-
ing the connecticn between structural and functional properties. Words can
serve a mediating role in this regard.

. Although there is no immediate evidence available in this study bear-
ing on the problem, it is perhaps important that if examples are direct, all
examples ve direct; if indirect, that all be indirect. Such was the case
in the present study. Within a series of examples, all direct or all in-
direct, it is also probably important that the relevant features that are
similar be highly visible (i.e., easily responded to) so that generalization

can occur.

A review of the examples used in the present study indicates that the
direct version of the lesson contained examples that were similar to one
another. The indirect version also contained examples that were similar
to one anofher. Thus, although there was no measure of similarity and it is
likely to be a difficult measurement problem to achieve one, both versions
may be sald to have had a fairly high degree of internal similarity. The
two versions were different then only with respect to the need for a connec-
tion to be made between structural and functionsl properties in the indirect

version.

Based on the foregoing analysis, one might expect concept acquisition
to have been more difficult for the indirect version. In this version the
connection between structural and functional properties had to be established.
In the difect version, the connection was already established. However,
in this study differences were not observed between the two veraions.

Under what kinds of circumstances might one expect direct and indirect
examples to be equally effective? This would seem likely to occur: (1)
when there is an approximately equal degree of internal similarity within
the series of direct and within the series of indirect examples; and (2)
when, in the indirect version, students have available the verbal responsen
needed to mediate the connection between the effects they see and the
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concept the effects indirectly represents. In the present study, there was
no measure of internal similarity and, indeed, measuring it represents, it
would seem, a pariicularly difficult Scaling problem. Future research on
visual examples will, it seems clear, have to come to grips with this
problem. As to the second point, concerning availability of mediating
verbal responses, this too was not asgsessed quantitatively. If a Jjudgment
were to be made, it would be that by virture of the particular events chosen
to illustrate both heat and surface tension concepts, mediating verbal re-
sponses of relatively high strength were probably available. This fact may
have accounted for the results cbtained.




CONCLUSION

The discussion of direct and indirect examples used to teach concepts in
this study has centered on three properties of examples: (a) the convergence
or divergence of structural and functional characteristics of examples; (b)
the degree of internal similarity among examples within a series of examples
11lustrating a concept; and (c) the availability of mediating verbal responses .

In direct examples, there is a high degree of convergence between.the
structural or physical properties of examples and their functional or con-
ceptual properties. This means that the physical events directly illustrate
the concept (e.g., expanding objects directly illustrate the relationship
between heat and expansion). In indirect examples, there is a divergence
between the two sets of characteristics. The heated ball no longer yass=-.
ing through a ring indirectly represents the concept of expansion (expan-
sion itself is not shown). Because of this divergence of structural and
‘functional characteristics in indirect examples, we might expect response
generalization (to the functional characteristics) to occur less reedlily
than in a situation employing direct examples where the two sets of charac-
teristics coincide. The latter instance highlights the practical value
that animation may have in being able to present directiy what would other-
wise have to be represented indirectly (e.g., incressed molecular movement
in animation rather than the external consequences of it). In the case of
indirect examples, however, the availability of verbal responses to mediate
the connection between structural and functionel characteristics of exam-
ples may render indirect examples as "easy" as direct ones.

Achievement data, based on lesson materials used in this study, revealed

no differences between lesson versions using direct and indirect examples.

It was suggested in explanation th;t verhaps other properties of examples

may play an equally important role than directness/indirectneas. The series
of direct examples used in the study possessed a high degree of internal
similarity. The same was true for the indirect examples. Because respounse
generalization depends on the ability to respond to the relevant, critical
features of & class of events, similarity among such features facilitates

its occurrence. The degree of example similarity was not measured in this
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study, and accordingly no quantitafive comparison is possible. Thus whether
the series of direct and the series of indirect examples bore equal uegrees
of internal similarity remains quantitatively unknown. They were, however,
both Judged to possess a higher degree of interaal similarity. A more
crucial test of the relative effectiveness of using direct or indirect
examples would appear to depend on the availability of quantitative measures
of internal similarity. Similar considerations merit attention in the case
of the availability of mediating, verbal responses. ‘

Audio-visual research on and practical efforts to foster concept acqui-
sition, it seems clear, must concern itself with properties of visual examples,
that influence response generalization. It is suggested that these include:
(a) the degree of similarity among examples; (b) the directness or indirect-
ness of examples and (c) the degree of availability of mediating verbal
responses. Some of these may be capable of quantitative treatment (e.g.,
perceived similarity). Others may be more profitably studied through logical
analysis (e.g., the relationship between concept and example used to illus-
trate it). In either case, needed information will be gathered about vari-
ables affecting an important role visuals play in instruction: examples
serving to facilitate concept acquisition.
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ARCHIMEDES' PRINCIPLE*

1.

A wagon moves toward the left when
you push it toward the

left right
x SR ———

You would make the wagon move in the
opposite direction if you applied a
force toward the

left right
—_— X

2.

If you push a box townrd the NORTH,
while comeone else pushes a box
toward the SOUTH, the two forces
applied to the box are

in the same in opposite
direction directions
—_— X

30

One boy applies a force to the East
while another boy applies a force
to the Wect.

EDIT THIS SENTENCE

The forces are applied in the
seme direction.,

If correct, ecpy the underlined words.

If incorrect, change the wnderlined
words.

THE FORCES ARE APPLIED IN OPPOSITH

DIRECTIONG,

b,

If you push a wagon with a 15-1b, force

and someone else pushes the wagon with a
15-1b. force, the itwo foreces eppiied %5

the wagon are

not equally strong egually strong

n—— ——————
] Snr———

5.

For each of the following examples, write
E if the forces are equally strong. Write
N if the forces are not equally strong.

A 14-1b. force A 22.1b., force
& a 36-1b. force & o 22=1b., force

N

B
A 92-1b. force
& a 67-1b, forze

~N_

6.

Malte up a sentence using the werds below,
You may use any other words in addition
to the words below, but make cure your
sentence includec all of the words Lelow.
a 35=1b. force A 35-LB. FORCE AND A

a 2l-1b. forec 21-LB. FCRCEL ARE NoOT

cequally otrong FRQUALLY STRONG.

*Ilhe frames repreduced here ave those which wore precented o the scubjeels as
confirmation frames after they had made thoiy OWnL pesponces.  X'c are uced o
indicate the corrcet multiple choice Yesponses .




One boy applies a
34-1b. force to the
left and another
boy applies a 41-1b.
force to the right.

EDIT THIS SENTENCE

A 300-1b. UPWARD force and a 200-1b.
DOWNWARD force are in the same
direction and are equally strong.

If correct, copy the underlined words.

If incorrect, change the underlined words.

IN OPPOSITE DIRECTIONS AND ARE NOT EQUALLY
STRONG.

8.

Make up a sentence using the words below.
You may use other words in addition
to the words below, but make sure your
sentence includes all of the words
below.

5-1b. downward force A 5-LB. DOWNWARD
9-1b. downward force FORCE AND A 9-LB.

direction DOWNWARD FORCE. ARE

strong IN THE SAME DIRECTION,
BUT ARE NOT EQUALLY
STRONG.

9.

When two forces are in opposite

directions and are also equally

strong, we say that the forces
are balanced.

Which of the following is an example
of balanced forces?

One boy applies a
26-1b. force to “the
left and another
boy applies a 26-1b.
force to the right,

10. |
Which of the followiné is an example of
balanced forces?

a 49-1b. upward force a 21-1b. upward force
and a 16-1b. downward and a 2l-1b. downwaxrd,
.force force

X _

|

1l.

A force toward the North and a force toward
the South are applied to a wegon. The two
forces are balanced if they are

equally strong not equally strong

v — ——

X

S —— Stme———

12.

In order to be called balanced, two forces
have to be both equally strong and also .in
opposite directions. :

Two 59=1b. forces applied to a box are
balarced if

one force is toward the
left and the other is
toward the right

both forces are
toward the left

-

|

13.

Which of the following is an example
of balanced forces?

a T700-1b. upward force
two 300-1b. upward and a T00=1b. downward
forces force

X

|
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1l

" Two 400-1b. forces are applied to
a boatl.

These two forces are balanced only
if they are

in the in
same direction opposite directions

X

|

15.

A 38-1b., force to the left and a
38-1b. force to the right are
applied to a wagon

The forces are

only equally only in opposite
strong directions

equally strong
end also in
opposite directions

X

Therefore, we say that the forces are

balanced Egg'balanced
X _ —_—
16,

When two forces are equally strong‘
and also in opposite directions,
we say that the forces are

balanced unbalanced
X _ —

7.

Iwo people are applying balanced forces
to a wagon. If we now that ome person
applies a 19-lb, force toward the left,
we know that the other person applies a

25-1b. force 19-1b. force
to the right to the right

— X
19-1b. force 25-1b, force
to the left to the left

18.

Two balanced forces are applied to a ball.
If we Xnow that one of the forces is 2 1bs.
toward the right, we kaow that the other
force is 2 1bs. toward the LEFT,

19.

A 3-1b. force to the South is applied to
a table. Tell how you would apply a force
so that balanced forces would be applied
to the table,

APPLY A 3-LB. FORCE TO THE NORTH,

20,
In order for us to say that two forces
are balanced, the forces

only have to only have to
be in opposite be equally
directions strong

have to be both in

opposite directions

and also be egually
strong

e ——
.

wr

s

X




2l.
EDIT THIS SENTENCE

A 37-1b. upwerd force and a 37=-lb.
downward force applied to a table
are not balanced forces.

If correct, copy the underlined words.

If incorrect, change only the underlined
words.

BATANCED FORCES

—.

22,

Make up a sentence using the words below.
two forces IWO FORCES ARE BALANCED IF
balanced ONE IS 5 ILBS. TO THE WEST
5 1lbs. AND THE OTHER IS 5 LBS. TO
to the West  THE EAST.

23.

Make up a sentence using the words below.
balanced forces BALANCED FORCES ARE
strong EQUALLY STRONG AND IN
OPPOSITE DIRECTIONS.

directions

2)"'.

When two forces are not balanced, we say
that the forces are unbalanced.

For each example below, write B if the
forces are balanced., Write U if the
forces are unbalanced.

A 23-1b. force is
applied toward the
left and a 23-1b.
force 1s applied
toward the right.

Two opposite forces
are applied. One
is 16 1bs. and the
other is 13 lbs.

AR SER—— L

25.

‘A 17-1b. force is applied toward the

East and a 28-1b, force is applied
toward the West.

The forces are

equally strong not equally strong
X
Therefore, we say the forces are
balanced unbalanced
X

26.

Two 39-1b. forces are both applied toward
the South.

The forces are

In the same
direction

in opposite
directions

X

Therefore, we say that the two forces are

balanced unbalanced

X

27,

For each example below, write B if the
forces are balanced. Write U if the
forces are unbalanced.

Two 36-1b. A 49-1b. force to the
forces are South and a 49-1b.
applied toward force to the North
the East. are applied.

- ~E

i
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8.

A 14-1b. force to the East and a
25-1b. force to the East are applied
to a box.

The forces are

not equally sﬁrong
and ALSQ in the not equally strong
- same direction ONLY

X

—————

in the same
direction ONLY

Therefore, we say that the forces are

balanced unbalanced

X

29.
EDIT THIS SENTENCE

A 37-1b. upward force and a L5-1b.
downward force applied to a tablc
are unbalanced forces.

If correct, copy the underlined words.
UNBALANCED FORCES

If incorrect, change only the underlined
words .

30.

For each example below, write B if the

forces are balanced.
anced. .

forces are uvn

Two 80-1b. forces
are applied toward
the left.

v

A 67-1b. force

and a 45-1b. force
are applied toward
the right.

~U_

31.

Write U if the

A 30-1b. force is
applied toward the
left and a 30-1b.
forez is applied
toward the right.

B

A 49-1b. force is
applied toward the
right and a 43-1b.
force is applied
toward the left,

U

For each example below, write B if the

forces are balanced.

forces are unbalanced.

Two equally strong
forces are applied
in the same
direction.

U

Two forces are in
‘the same direction
and are not equally
strong.

U

Ss——

32.

Write U if the

A

Two equally strong
forces are applied
in opposite
directions,

B

Two forces are in
opposite directions
and are not equally
stroug.

————a—

U

Sr——

Meke up a sentence using the words below.
two T00~1b. forces TWO T00-IB. FORCES

direction APPLIED IN-THE SAME
unbolanced DIRECTION ARE
UNBALANCED.




33.
Meke up a sentence using the words below.

two forces TWO FORCES IN
opposite directions OPPOSITE DIRECTIONS

, unbalanced if ARE UNBALANCED IF
stronger ONE FOPCE IS STRONGER.
3h.

A 60-1b. force to the NORTH and a
60-1b. force to the SOUTH are applied
to a boat. We say that the two forces
are BALANCED because they are EQUALLY
STRONG AND IN OPPOSITE DIRECTIONS.

35.

Two boys are applying BALANCED forces to
a bicycle.

Meke up an example of two forces which the
boys might be applying to the bicycle,
using a specific number of 1bs. and a
specific direction foxr each of the two
forces,

ONE BOY APPLIES A 35-LB. FORCE TO THE
LEFT AND THE OTHER APPLIES A 35-LB.

FORCE TO THE RIGHT.

36.

A wegon will remain at rest, even when
two boys are pushing it, if the boys are
applying balanced forces.,

However, if the boys apply forces which
are unbalanced, the wagon will

start to move remain at rest
X _ —

A-6

37.

Two boys both push a tsble toward the
left. One boy applies a 16-1b. force
and the -ther boy applie. a 23-1b. force.
The table will

remain at rest start to move

X
The reason for thic is that the forces are
balanced unbslanced
L ——x

38.

When two boys on the same side of a wagon
pull equally hard in the same direction,
the wagon

remainc at rest

starts to move

X
The reacon for this is that the forces are
balanceqd unbalancad
e ] ~L

39.

Two people are pushing on opposite sides
cf a swinging door. If one person pushes
harder than the other, the door will

remain at rest open
X
The reason is that the foreces are
balanced unbalanced
R -“}m
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lm.

A car parked on a hill will ctart
to move whenever the forces applied
to it are

balaaced unbalanced
S —~x—

l"l.

A 40-1b. force to the left and a
4G-1b. force to the right are applied
to a wagon. The wagon

starts to move remains at rest

———Can “—on

X

The reason for thise is that the forces
are

balanced  unbalanced

X

veeseagme eeeee———

k2,

When two boys push a box equally hard
in oppotite directions, the box

reains at rest starts to move

X
The reason is that the forces are
balanced unbalanced

S———————

X

——— Pa——————

43,

When two forces are applied to a wagon
but the wagon remains at rest, we know
that the two forces are

balanced unbalanced

X

————s ey

Lk,

Two boys playlhg tug-of-war are applying
unbalenced forces to a box. The box will

remain at rest start to move

~£_

|

s,

When two balanced forces are applied to
an object, the object

starts to move remains at rest

— ~X_

h6.

When two equally strong forces are applied
to an objJect in opposite directions, the

obJject
remains at rest starts to move
because the becsuse the
forces are forces are
unbalanced unbalanced
remains at rest starts to move
be2ause the because the
ferces are forces are
belanced balanced,,
mx s TR

W7,

Make up a sentence using the words below.
start to move A CHAIR WILL NOT START
chair T0 MOVE IF BALANCED
balanced forces FORCES ARE APPLIED.

A~T

. v -

R

s ‘,._ma-_‘lv _ s el NNl -
’ ~

P — .o — . .. _




T TR

48.

No matter what is happening to a 4=1b.
object, the downward force of gravity
applied to it is always 4 1bs.

The downward force of gravity applied
tO a 9-lbo ball is 9 lbs.

when the ball is

falling and also

when it is on the
ground

only when the
ball is falling

X

k9,

When you hold a 17-lb. stone in your
hand, the stone feels heavy because
the force of gravity pulling it down

is not 17 1bs. is 17 1bs. even though the ball ball
anymore the stone isn't falling :
X .

~X

50.

Under each of the examples below, write
the number of 1lbs. with which the force
of gravity is pulling the object down.

7w o e - = os - s = mimw e isiim nmE T o3

51,
Make up a sentence using the words below.
gravity applies GRAVITY APPLIES A
downward force of DOWNWARD FORCE OF
1lbs. 3 IBS. TO A 3-LB.

to a 3=1b. bell BALL IN WATER.
"in water

52.

When a ping-pong ball floats in water,
the water applies an upward force to the
ball., The ball doesnit sink, even though
the downward force of gravity is applicd
to it, because

the water applies

gravity applies an
an upuard force to

ugward force to the

53.

When you let go of a sponge under water,
the sponge rises to the top of the water.
This upwar d movement is_evidence that

the water applies the water applies a

| ey ..:g

8 2-1b. ball a 500-1b. boat an upward force to downward force to the
vwhich is thrown which is floating sponge sponge )
up in the air in water “

X
2 LBS. 500 LBS. T
gravity applies 4
a 45-1b. box an upward force <
vwhich is at rest to Eﬁe sponge
on the ground g
45 1BS.

tﬁ;:ac._ﬂ

A-8
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By - -

the downward force
of gravity ic applied an upward force but

but the water applies +the downward force of
NO upward force

Sh.

When you fall, you move downward
because the force of gravity
applied to you is in

an upward a ggwnnard
direction direction
X

However, you can swim in water without
sinking because

the water applies
an upward force

the downward force
of gravity is no

longer applied to you to you
N ————— —-—&*
55 *

When you drop a stone in air, it falls
quickly.

When you drop a stone in water, it
falls more slowly because

gravity applies
a smaller downward

the upward force
force to stones

of the water slows

in water down the stone
e p———— —x—

56,
When an object is in water,
the water applies

gravity ic NOT applied

Sv—————

Ovnm—p——— o —

the downward force
of gravity and the
upward force of the
wa'ter are BOTH appliled

X

e s

A-9

5Te
Make up a sentence using the words below.
gravity applies GRAVITY APPLIES A

water applies  DOWNWARD FORCE AND
downward force WATER APPLIES AN
upwerd force UPWARD FORCE TO A
to a boat BOAT,

580

Name the forces applied to a fish in
water and name the DIRECTION of each Tforce.

UPWARD TF'ORCE OF THE.WATER
DOWNWARD FORCE OF GRAVITY

29.

When a ball ic in water, gravity applies
a force to the ball and the water also
applies a force to the ball.

These two forces are

in the came in opposite
direction directions
X
60.

When a piece of wood is in water, the
two forces applied to it are

in the same in opposite
direction directiong
W —— L
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61. )

Gravity applies a 500-~1b. force to a
boat that weighs 500 lbs. The water
applies an upward force to the boat
of 500 1lbs.

These two forces are in opposite
directions and are also

equally strong not equally strong

X
Therefore, the two forces are
balanced unbalanced

62,

When a 600-1b. box is in water, gravity
applies a force to the box and the
water also applies a force to the box.

These two forces are balanced if the
force of the water is

300 1bs. 600 1bs. S00 1bs.
— X —
63.

When a 2-1b. toy boat is in water, the,
force of gravity applics a downword
force and the water applies an upward
force to the boat.

EDIT THIS SENTENCE

If the upward force of the water is
LESS THAN 2 1bs., balanced forces
are applied to the boat.

If correct, copy the underlined words.

If incorrect, change only the underlined
words .

UNBALANCED FORCES

A-10

6k.

When a 6-1b. beach ball floats in watex,
two balanced forces are applied(to the ball.

Tell the STRENGTH and DIRECTION of the
two balanced forces applied to the ball.

6 LB. UPWARD FORCE, 6 LB. DOWNWARD FORCE

65.
An ice cube falls when you let go of it
because

an upward lorce the downward force of
is applied to it gravity is applied to it

X

In order to keep the ice cube from falling,
you must

apply an upward apply a downward

force to it force to it
-x-— A

%.

An ice cube floats in a glass of water
instead of sinking to the bottom of the
glass because the dovmward force of
gravity and tue uovard force of the
woter are

balanced unbalanced
X —

67.

A raft floats on the lale instead of
cinking because the forces applied to
the raft are

balanced unbalanced
.-“—xu~ A

g
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68.

An obJject sinks when you put
it in water oniy if the forces
appiied to the obJect are

unbalanced

————

X

balanced

69.

While an old shoe ic sinking in
water, we know that the forces
applied to the shoe are

balanced unbalanced

X

When you let go of & beach ball
under water, it rises to the top
of the water.

The ball moves upward because the
forces applied to it are '

balanced

unbalanced

Aat— o

X

T0.

When a boat is in water and the
forces applied to the boat are
balanced, the boat

sinks floats

X

——————

L.
Because unbelanced foreces are

applied to a stone in water,
the otone

floatc oinks

| —— —

X

am, Vs g

|

A-1l

T2,

EDIT THIS SENTENCE

A beach ball floats in water becauce
the force of gravity and the force of .
the water are uan;anced.

If correct, copy the underlined word.

If incorrect, change cnly the underlined word.
BATANCED

13-
EDIT THIS SENTENCE

An opJect SINKS in water betause the
force of gravity and the force of the
water are balanced.

If correct, copy the underlined word.

If incorrect, change only the widerlined vord.
UNBALANCED ’

Th.
Make up a sentence ucing the words below.
You may use other words in addition

to the words below, but meke cure your
centence inclndes all of the words below.

sponge A SPONGE FLOATS IN WATER
floats in water BECAUSE THE FORCES APPLIED
TO IT ARE BALANCED,

becouse

forces

T5.

A 900-1b. whale floats in water beecauce
the forees applied to it are balanccd.
Tcll the ctrength of the two balanccd
fore opplicd to the whale. 900 LBS,
Name the dircetions of the two balanced
forces applied to the whale,

UPWARD AND DOWNWARD

it U A AR T Y
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BERNOULLI'S PRINCIPLE*

|

1. : ' 5,
During a hurricane, air is You can feel mcving air applying a force
moving  ostill vhen you 7]
extend your arm- sit inside a parked car il
_ X from a moving car with the windows closed
But, on a calm day, the air is X '
¥
moving still - i!
— X
6. |
You can see moving air applying a force -
2. | when -
tv bottl ta . a man's hat blows the branches of a tree 3]
An empty bottle contains alr off his head bend in the breeze A

The alr inside a bottle is an

example of | ™
moving air (still air both neither %)
S X X o ﬂ
- 3.

7.

When you put your hand on the nozzle of a
vacuum cleaner you feel a pull,

. EDIT THIS SENTENCE

| When we turn on an electric fan we
i feel a breeze.

This is an example of

moving air still air The reason is moving air applies a %]
X force to your hand. ‘
- _T;_ If correct, copy the underlined words. 'g"
: MOVING AIR APPLIES A FORCE 1]

L, | If incorrect, change the underlined pa.rt
Put an S below the example of still air. and make it correct. ;
Put an M below the example of moving air. 3
Curtains fluttering The air inside an 2

in an open window. automobile tire.

*The frames reproduced here are those which were presented to the subjects as
confirmation frames after they had made their own responses. X's are used to - 7
indicate the correct multiple choice reésponses.

A-12

=1




8. !

The air inside a balloon is not moving.
Nevertheless, the balloon holds its shape
because the still air is applying

a force to
the outside

a force to
the inside

X

Srmmepe—

9.
We know that moving air applies a force.

It is sometimes surprising to learn
that still air

also applies never applies
a force a force
x L e
10.

You can sip pop through a straw
and put your finger on the tcp of
the straw. The pop will not spill
out because

the still air

your finger is on the bottom

applying a is applying an
force to the upward force to
pop the pop

X _

Make up a sentence about the picture

using these words.

the water does THE WATER DOES NOT SPILL

~not spill BECA/SE STILL AIR

IS

applying a force

APPLYING AN UPWARD FORCE

to the water 70 THE WATER.

12,

A force can be applied by air. Complete

this sentence.

The air can be either MOVING AIR OR
ST, AIR.

13.

A boy is pushing one side of a wagon with
a force of 30 1bs. A boy is also pushing
the other side with a force of 30 1bs.

The wagon will not move because the
forces are

unequal equal
—_— ~X_
14,
10 lb.-)D 410 1b. 8 1b.—p
ig. A Fig. B

In Fig. A, the box will not move because

the forces are

equal unequal

X

In Fig..B, the box wil) move because
10-1b. forece is

weaker stronger

X

410 1b.

the




b

EDIT THIS SENTENCE

The box will be pushed to the LEFT
because the 15-1b. force is weaker.

If correct, copy the underlined words.

e

If incorrect, change the underlined words.
RIGHT STRONGER or, RIGHT BECAUSE
ﬂ
THE 10-LB., FORCE IS WEAKER.

A-1l

15. 18. : 18 1b.
Below, the ball will be pushed Complete this sentence. ‘
17 1b. up by the The box will be pushed DOWN
12 1b. force because THE 18-LB, FORCE 1S
S rome STRONGER (THAN THE 13-LB. -
O FORCE) . T
down by the ‘} 13 1b.
17 1b. force
19. :
X A group of boys are playing tug-of-war.
12 1b. There are three boys on each side. If
one boy lets go of the rope 5 the amcunt
of force on his side of the rope will
16. become
stronger weaker
y _’ +-_ 12 lbs. X
‘C:ircle the stronger force in the
above picture.
The stronger force will move the 20. '
right : left changes to
X —_— Part II T 1bS. ) O 4—— 12 1vs.
In Part I, the ball will not move because
the forces are equal. In Part II, the
17. force on the left has become weaker.
The force on the right will
15 b, —) 4———— 10 1. move the ball do nothing
X _ —_—

a1.

If two boys are pushing opposite sides
of a box with equal forces, the box will
not move.

Complete the following sentence.

If one boy should weaken the force on his
side, the other boy will be able to
MOVE THE BOX.

ol pamsi,
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Forces A and B are equal. If force
A becomes weaker, force B will be

stronger than A weaker than A
X —
23.
Force X . Force Y
1% 1vbs. ' 14 1bs.
changes to
14 1bs. —P 4— 11 1vs.

Using the words "BECOMES WEAKER" and
"STRONGER," explain what happens to
the forces when Part I changes to
Part II.

FORCE Y BECOMES- WEAKER; THEREFORE,
FORCE X IS STRONGER.

What will happen to the box in Part II?
THE BOX WILL MOVE TOWARD THE RIGHT.

24,

5till air ————) ¢—— still air

In the picture, the air is still.

The ball hanging from the ceiling by
a rope will not move because the

N

25.

The air on one side is. still but on the
other side the air is moving past the ball.

The forces are
equal not equal

- moving still X
air air

left right

If we blow air past the left side of
the ball, the ball will move toward the
left.

If we blow air past the right side of
the ball, the ball will move toward the

right left

X

o ——

27.

When air moves past one side of an
object, the moving air applies a weaker
force. Thus, the still air on the
other side applies a

stronger force weaker force

X

Thus,

more force

X

forces are
equal unegual 28,
X When air is moving past one side of an
object, it applies less force.
the still air on the other side applies
less force
.,.!
A-15
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29.
still air =) é moving-
air

In the picture, air is moving past one
slde. On th2 other side, a stronger
force is applied by the

moving eir still air

- X

The stronger force will move the ball
toward the

lett right

X

still air

!
0

noving air

A stronger force is applied by
still air moving air

30.

X

The stronger force will move the
ball

up : down

— X

31.
moving air 1T_—) §— still air

Make up one sentence about the picture
using these words.

the ball will THE BALL WILL MOVE
move toward TOWARD THE LEFT
still air applies BECAUSE STTLL AIR

force

FORCE.

APPLIES A STRONGER A-16

2,

A stronger force is applied by still a.if,
but a weaker force is applied by

still air moving air

X

33.

A force is applied by both still air and
moving air. Still air applies a

stronger force weaker force

X

While moving air applies a
weaker force

stronger force

X

3k,

moving air g {— still air.

Here, the air mo
applies a

moving past the ball

weaker force stronger force

than still air than still air
X —
The ball will move to the—-—
left right
X

<SS
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35.

moving air still air

Make up one sentence using these words.
the ball will =~ THE BALL WILL MOVE

move toward TOWARD THE LEFT
BECAUSE AIR MOVING
PAST THE BALL APPLIES
LESS FORCE THAN STILL
AIR.

because air moving
past the

still air

36.
EDIT THIS SENTENCE

Still air applies a weaker force than
air moving past an object.

If correct, copy the underlined words.

If incorrect, change the underlined words.
MOVING AIR

37.
moving air

+

O

still air

Coﬁplete this sentence.

The ball will move UP because
STILL AIR APPLIES A STRONGER FORCE
THAN THE ATIR MOVING PAST THE TOD.

A-1T

38.
EDIT THIS SENTENCE

If we blow air past one side of an
object, the still air on the other
side will push the object toward
the moving air.

If correct, copy the underlined words.

THE STILL AIR ON THE OTHER SIDE WILL
PUSH THE OBJECT TOWARD THE MOVING AIR.

If incorrect, change the underlined words.

39.
still air — ﬂ{-—- moving air

The weaker force is on the
left right

X
The ball will move toward the
left right

X

,"o'

If you want the paper to move
past which side would you blow air?

X past the tép
vl >

Jpast the bottom

h1.

The faster air moves, the less force it
applies. Thus, as alr moves faster tho
amount of force it applies becomes

stronger

ol

[
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’42. =

Air moving at 17 miles per hour applies
less force than air moving at 12 miles
per hour.

In the picture, put an X under the amount
vhich is applying the smaller force.

15 miles per hour

____/'O/‘

30 miles per hour

43,

In each example, put 3 "M’hw

an X in the box O

vhere the air is

;pplying a smaller X 5 miles pc;' hour
orce,

X 17 miles pe‘ hour

O

14 miles pog hour

Lh, 10 m.p.h. \

O

The slower air moves the more force
it appﬁes. Thus, a stronger force
is being applied by the air moving &t

10 m.p.h. 5 mopaho

-

|

A-18

45,

Put an X in front of the stronger force.
T 6 miles per hour

O

13 miles per hour
The stronger force will move the ball
down up
.

S—————

46.

In the pictura below, which forwe will
move the ball?

3 m-p.h.T — O‘__‘I‘ 7 m.p.h.

-

b,
20 m.p.h. /\‘
O'\/ 30 m.p.h.

EDIT THIS SENTENCE

Above, the air moving at 30 miles per hour
is moving faster but it applies less force.

If correct, copy the underlined words.
I8 MOVING FASTER BUT IT APPLIES LESS FORCE
If incorrect, change the underlined words.

48,

Make up one sentence using these words.
slowver THE SLOWER AIR MOVES THE
air STROMGER THE FORCE IT

strouger force APPLIES.

FE =2 R

£z sae=y
-

ey o




ko,

Make up one sentence using these words.
alr THE FASTER AIR MOVES THE
faster WEAKER THE FORCE IT

force APPLIES.

1C miles per hour

50. J_ 4
tit

6 milesf per hour

What will happen to the umbrella?
Explain why. THE UMBRELIA WILI, BE
PUSHED UP BECAUSE THE SLOWER
MOVING AIR IS APFLYING A STRONGER
UPWARD FORCE.

51.

When an airplane is in flight, air
is moving past it.

The airplane stays up because air
is applying a

stronger force
on the bottom

stronger force
on the top

X

S—— S—————

52,

If a stronger force is on the bottom
of an airplane, then a weaker force is
applied by the air moving past the

top of an bottom of an
airplane alrnlane
X

O————— Sam——

A-19

53.

An airplane is sha /—\‘
like this. wing ped %

Compare the distance along
the top to the distance along the
bottom.

The air moving over the top must travel a
shorter distance farther distance

X

5k A.&;B

Starting at A, the air moving past the
curved top of an aiyplane wing and the
air moving past the bottom will arrive
at B at the same time,

To arrive at B at the same time as the
air on the bottom, the air on the top
must move both farther and

faster slower

X

R ——

20

T

Because the top of an airplane wing
is curved, the air moving past the
top must move farther and

faster slower
~x~ R
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56.

The faster air moves, the less force
it applies.

Thus, the fasier air moving past the
1top of an airplane wing applies a

stronger force to weaker force to
the top of the wing the fop of the wing

X

The slower air moving pest the bottom
of the wing applies a

weadker force to the stronger force to the
bottom of the wing bottom of the wing

X

5T.
Alr moving past the top of an airplane
wing

moves faster moves slower

and is weaker and is stronger
~X_ —_—

58.

EDIT THIS SENTENCE

A stonger force is applied by the
faster air moving past the top of
an airplane,

If correct, copy the underlined words.

If incorrect, change the underlined words.
A WEBAKER FORCE

99.

Make up a sentence using these words.
THE AIR MOVING OVER
PLANE WING MOVES

FASTER AND APPLIES
LES3 FORCE.

top of an airplane
wing

moves faster

force

A-20

C

—

On the bottom of an airplane wing, the
alr travels a shorter distance and moves

faster slower
X
The air on the bottom applies a
stronger force weaker force
X

The airplane stays up' because the force
applied to the wing is stronger at the

bottom top

X

61.
EDIT THIS SENTENCE

The alr going past the airplane wing
moves slower and applies a weaker force
to the bottom of the wing.

If correct, copy the underlined words.

If incorrect, change the underlined words.
STRONGER FORCE

62,

Make up one sentence using thece words.
air moves ON THE BOTTOM OF AN
bottom of the wing ATRPLANE WING AIR MOVES
SLOWER AND APPLIES MORE
FORCE TO THE BOTTOM,

force to

G e g et -
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63.

Write weaker on the side where air
applies less force tc the wing.

Write stronger on ‘he side where air
appliee more force to the wing.

6h.
EDIT THIS SENTENCE

An airplane rises because the slower
moving air beneath the wing pushes

it up.
If correct, copy the underlined words.

THE SLOWER MOVING AIR BENEATH THE WING
PUSHES IT UP.

If incorrect, change the underlined words.

65.
Complete this sentence.

On an alrplane wing the stronger force
is on the BOTTOM because THE AIR ON THE
BOTTOM IS MOVING SLOWER THAN THE AIR ON
THE TOP.

66.
Complete this sentence.

An airplane stays up in the air because
THE SLOW MOVING AIR ON THE BOTTOM APPLIES
A STRONGER FORCE,

A-21
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Achievement Tests

ARCHIMEDES' PRINCIFLE

Part I - Fill-ins

1. A 500-1b. rowboet floats in water because the forces applied to it are

The upward force of the water applied to the rowboat is

stronger than 500 1bs.
equel to 500 lbs.

less than 500 1lbs,

2. An anchor sinks in water because the forces applied to it are

3. In order for two forces to be balanced, what must be true about the strength
and the direction of the two forces?

k., We say that two forces are unbalanced 1f the two forces are

oo Tell what happens when balanced forces are applied to a baseball at rest
on the ground.

6. Two boys are pulling a rope., One boy applies a 16-1b. force to the left. TIf
the two boys apply balanced forces, what force does the other boy apply?

A-29
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Achievement Tests - Archimedes® Principle

T. When a 58-1b. piece of wood floats in water, two forces are applied to it.
Tell the s and direction

=

of these two forces.

8. In a tug of war, if unbalanced forces are applied to the rope, what will happen?

| B

-

13

Part II

There are five examples below of different combinations of forces applied to
objects. For each combination,check whether the forces are balanced or unbalanced
and also whether the object to which the forces are applied will move,

The :g’orces are:
balanced unbalanced

1.

B N 2.

3.
. . b,
———— R —— 5.

]

§msrsacd

13 :—'_;.'l

The object will:
move not move

¥ =xagy )
M

two UT-1b. forces
applied in the
same direction

two J.0-1b. forces,

one applied upward
the other applied S e b

down

e | Poain g

two unequal forces
applied, both applied
in a right<hand
direction

ey

two unequal forces
applied in opposite
directions

—_—

a 5-1b. force applied
toward the Rast and a
5-1b. force applied to
the West

A-30




Achievement Tests

BERNOULLI'S PRINCIPLE

Part I - Fill-ins

1. A ping pong ball is hanging by a string, as in the example below.
.

STILL AIR O MOVING AR

a. If we blow air past the right-hund side of the ping pong ball, in
vhich direction will the ping pong ball move?

b. Why does it move in that direction?

2. Why is an airplane supported in the air?

3. In the example below, what will happen to the paper?

Explain why.

20 MILES PER. HOUR_

MOVING AR ‘>

———y

/ N
MOVING AR, >

IO MILES PER HOVR

A-31
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Achievement Tests -~ Bernoulli's Principle

b,

Je .

6.

Draw an airplane wing. ®

a. When the airplane is moving air applies a stronger force to one part.
To which part of the airplane wing does air apply the stronger force?

b. Why is the force stronger there?

If you put a ping pong ball in a funnel and turn it upside down, it would fall
out. If you wanted to keep the ball from falling out while the funnel was
upside down, past which side would you blow air? Put an X ih front of the
correct answer in the picture below. :

past the top

past the left

pest the bottom

Explain why you chose that answer.

When there is an increase in the speed of air, what happens to the force
it applies?

A-32
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Achievement Tests - Bernoulli‘'s Principle

Part II - Multiple Choice

1. The smallest force is applied by

—_ air woving past an ob,ject at 10 miles per hour.'
air moving past an object at 15 miles per hoﬁr.
air which is not moving.

2. During a hurricane the air is moving past the top of the house but the air

inside is still. What will happen?

The still air will pull the roof down.

The still air will push the roof up.

The moving air will. push the roof down.

The moving air will 1lift the roof up.

N

3. When a convertible automobile is moving along a highway, the roof may be pushed
up because

the moving air is applying a stronger force.
the still air is applying a weaker force.

the still air is applying a stronger force.

RN

none of the above.

h. If air starts to move past the right-hand side of an object, what will happen?
The force becomes weaker on the r:lghjz-haﬁd side.

The force becomes stronger on the right-hand side.

The force becomes weaker on the left-hand side.

The force stays the same.

None of the above.

[ ET

5. One of the reasons an airplane flies is
the force applied to the bottom is weaker.

the force applied to the top is weaker.
the force applied to the top is stronger.
the forces are equal.

none of' the above, A-33




1.

2.

k.

AN ATTITUDE SCALE

For each of the experiments which you just saw, put an X in the column which

shows whether you would like to try it yourself.

blowing air past candle flames

9

release ping pong ball in middle
of tank J l

blowing air under paper

putting different numbers
of blocks on each side so
that the car will move

turning glass of water upside
down '
8

w

-

Would like
to try it

very much.

A-3h

Would like No intarest
to_try it. in trying it.
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An Attitude Scale

/

6. finding out how to distribute
tne blocks to meke the caxr

‘move to the plght

T. blowing air past top of paper

9
X

8. putting the right number of
blocks on each side so car

doesn't move

9. blowing air past an airplane wing

=%

10. release heavy ball at top of

water

Would like
to try it

very much.

A-35

Would like
to try it.

i

D L M

No interest

in trying it.
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B.

1.

2.

3.

An Attitude Scalie

A —— - e — e o e

Which way did each of the following experiments turn out? Put an X next to the
picture which shows which way it turned out.

It turned
this way.

out

blowing air past candle

release ping pong ball in
middle of tank

putting different numbers
of blocks on each side so
that the car will move

turning glass of water
upside down

4 ):
NI

A-36

It turned out

. It turned out
this way. this way.
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An Attitude Scale

It turned out It turned out It turned out
this way. this way. this wavgrd
, . oo
6. finding out how to o

distribute the blocks to
make the car move to the

.right ‘
-|§F:: -y
L.

T. blowing air past top of

E- |

8. putting the right number
of. bldcks on each side so

car doesn't move

9. blowing air past an air-

plane wing
10. release heavy ball at
top of water

A-37




An Attitude Scale

C.

1.

2.

If you tried each of the following experiments yourself, which way. do you think
they would turn out? Put an X next to the picture which shows which way you think
it would turn out if you tried it.

It would turn It would turn It would turn
out this way. out this way. out this way.

blowing air past candle
)

‘1‘“"60 < ‘
_% .

release ping pong ball in
nmiddle of tank ’

blowing air under paper
/ i

putting different numbers
of blocks on each side so
that the car will move

turning glass of water
upside down

g.
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An Attitude Scale

It would turn It would turn It would turn
out this way. out this way. out this way.

6. finding out how to
distribute the blocks to
make the car move to the

S -4 -

Te blowing air past top of

paper
¢ \9? — K'Y/ —
8. putting the right number
9. blowing air past an air=
Plane wing

O DLOCKS Gii each side ap
10. release heavy ball at

car doegnli move
top of water

- . . - M. - - v N

' A-39
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An Attitude Scale ' f
D. When these experiments were done on the screen, they came out a certain way.
If you did these experiments yourself, which way would they come out? Put .1
an X next to the picture which shows which way you think it would turn out !

if you tried it.

It would turn It would turn It would twrn 1]
out this way. out this way. out this way.

l. This is what happened when air | é
was blown t candle- flames. =
- <V o

e %’7‘.‘

2., This is what happened when the
i ping pong bail was released in
'; middle of tank.

| A |

|

[ s:!

. 3. This is what happened when air
: was blown under paper.

/C% .._/@ _

k., This is what happened when
different nunbers of blocks -
were put on each side so that
the car would move.

N
|
)

N‘i‘uﬁiﬂ § Fiaaecy

5. This is vwhat happened when
a glass of water wes turned
upside down.

-
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o
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10.

— i e e msh—

An Attitude Scale ' | - . o

It would turn It would turn It would turn
out this way. out this way. ‘out this way.

This is what happened when we
found out how to distribute the
blocks to make the car move to

i i i R

This is what happened when air

wes ‘b:!.own past the top of paper.
%:9 Q’\Q T

This is what happened when the

right number of blocks were nut
on each side so the car didn't
move.,

- .l
} P >
i VS W $ W SV GNP M Tepemie o

/‘\

This is what happened when air
was blown past an airplane wing.

This is what happened when the
heavy ball was released at top
of water.
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L
L
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An Attitude Scale : [
~E. What reaaon(sz would you have for trying each of the following experiwments [
yourself? .
Just curious to To check to see Dontt believe it
see how it would if 1t would come would come out [
come out. out the same way. the same way. :
l. blowing air past candle
flames 0 e e ——

2.

L,

5

release ping pong ball
in middle of tank

putting different numbers
of blocks on each aide so — R
that the car will move

turning glass of water
upslde down s — —

lﬁ
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Just curious to To check to see Don't believe

see how it would if it would come would come out
An Attitude Scale come out. out the same way.  the same way.
6. finding out how to ' *

T,

8.

- 10,

F.

distribute the blocks
to make the car move ——— e ev—

to the pight

blowing air past top of
paper - — -

)
Q

putting the right number
of blocks on each side so

car doesn't move

blowing air past an air-
plane wing e — —

=9

release heavy ball at top
of water —— — —

In a sentence or fiwo, tell wlﬁch experiments you preferred seeing and why,
the live experiments or the experiments done in animation.

A-h3 ~
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LEARNING FROM A PROGRAM®

A nice thing shout & program is that
everyons in the class doesn't have to
finish at the sams tifie. This means
that in a program you work

at the same speed at yowr own
as everyone else best speed

3.

John likes to work a litile slower than
Mary. They both learn well from & program
because in a mrogram they work

at their at the same speed as the
own speed rest of the class

b,
EDIT THXIS SENTENCE

When he worked on & program, Bodb worked

at the same speed as everybody else in
class.

If the underlined part of the sentence is
correct, COPY 1t.

¥ the wdsrIined part is incorrect,
CHANGE it.

5.

Make up a sentence.
Use all the words linted below. AAd

ords Yot , a complete
Write your sentence below.

rqn

6.

It doesn't make any difference how fast
or slow you work %Lw work
accurately. You mus to

answver without read the puge

7.

Programs help you by telling you things
before asking you questions about them.
You learn by

ansvering the questions reading carefully

without resding then answering
carefully : the questiocus

8. YDIT THIS SENTENCE

Peter nearly always got his answers
right in the program because he

read the LTirst.

If the underlined part of the sentence is
correct, COPY it.

T the undariined part is incorrect,
CHAMGR i1t.

#ihe franes reproduced here are those vhich were presented to the subjects as con-
firmtion frames after they had made their own responses. X's are used to indicate
the correat multiple choics responses. The first nine frames did not have confirma-

tion mpu.
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9.

It's easy to get correct answers in a -
Progran as long as you answer accurately.
Katie wvas carsless and insccwrats im
witing her aanswers, 80 therefore she
didm't .

10.

Make wp & sentemce vhich incluces all
the words listed below. Write your
compiete sentence below.

‘correct answers

read carelessly

10a.
CHECKING PAGE

This is a checking page. Programs
usually have checking pages like
this one. . .

The sentence you just wrote doesn't have
to be exactly like the one below, but it
should mean the same.

YOU CAN'T GET THE CORRECT ANSWERS IF
YOU READ THE PAGE CARRLESSLY.
n.

You're supposed to learn algebra.
If you simply copy somebody's answer on
ons problem, later on -~

you will be able you won't be wble
to solve otaer to solve other
roblems by yourself problems by yourself

X

13.

Teachsrs have discovered that students .
remsuber what is in a lesson if they £ind
out vhether their answer is correct r

after they have figured it out. They :
Torget 1t they look at the answer
without trying after thay have
to figure it out Ligured it out

forget quicker remember better

15.

A program is not a test, but after you
have finished the program you usually
take a test. The way to remember

things
in a program and to pass the test after-
vards is to

Just copy the figure the answers
ansvers out for yourself

X

S——
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The checking page is for checking your
after you have figured it out.

It tells you if your answer was correct.

ook at the checking page

before you figure afier you figwre
out the answer

X

g
:

17.
You remember lessons better if you

copy answers

Therefore, in a program it is important to

look &t the checking write your answer
page first and then first and then look
write your answer at the checking page

X

:-8 [ ]

The way to learn how to solve problems
by yourself is to

get practice in
solving them

Just look up the
ansvers

X

A ———— m———

19.

Being able to look answers up on the
checking pege is important, but it
only helps you to remember if you

merely copy the practice figuring out
answers from the the answers first and
checking page then check them

X

A-b6

20.

" You can get the right answers on a

program just by copying them. If you
do copy, later on

you will be able you won't be able
to do new problems to do new Iroblems

by yourself by yourself
X

al.
EDIT THIS SENTENCE

A reason people remember so well vhat
they learn from mrograms is that they
unc theammr!ronthc

thout first trying to figure
itoutfwthmelves.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

ummmmourron MVEBFJRBT

Complete thii sentence.

You are more likely to forget what''s in
a program if YOU SIMPLY THE ANSWERS
FROM THE CHECKING PAGE.

23.

It is important to figure out answers

for yourself in a program because it
helps you REMEMBER (or, UNDERSTAND, LEARN)
better.




24,

The physics teacher told the class they
were going to take a program. The nrogram
would tell them things and then ask ques-
tions. There would be no grade given for
the work, bacause a program

is not a test is a test

UL S——————

25.
You can learn new subjects by answering
questions in & program like this one.
A prograx is supposed
to teach you to test you to see
something new what you already know

X

EDIT THIS SENTENCE

Although you answer questions in a
program, a program is Just like a
tesnt.

If the underlined part of the sentence is
correct, COPY 1it.

If the underlined part is incorrect,
CHANGE it.

NOT LIXE A TEST

27.

Make up a sentence which includes all the
wvords listed below. Write your complete
sentence below.

program A PROGRAM IS NOT A TEST.

test

AT

28.
Complete this sentence.
Even though you answer questions in a

 program, you don't get grades because

a program IS SUPPOSED 70 TEACH YOU
SOMETHING AND NOT 10 TESY Y.
29,

Jim and Dave both worked on a program.
They both got the right answers in the
program, but Dave had merely copied his '
ansvers each time. later on, whan they
were given a test, better
erd got a better test score. um

30.

When a teacher has you figure answers out
on a test, it's because the tescher wmnts to

find out what you teach you
have already learned something new

X

SR——————y

When a teacher has you figure answers out
in a program, it's because the teacher
wants to

find out what you teach you
have already learned something new
X

31.

- What is the difference between a Iwrogram

and & test? A PROGRAM IS MEANT Y0 TRACH
/, AND HOT 10 FIRD OOF VAT

YOU SOMETHING
YoU ALREADY KNOW., — —




32. 35. .

You will be surprised how much this The main reascn I remembered as many L «

program has taught you alreedy. thinpu:didabouta”m“utht

Mark the statements below as "7 I TRIED T0 FIGURE ANSWERS OUT AKXD

(true) or "P" (false). . T CHRGRED 70 BEE YF Ty Wit BI !
M

A program is a test. r
You can get your answers correct in . "
& program if you read carefully. iy
You all hava to work at the same speed
in a ogranm. r "
It 1s not important to work accurately. r :
After you have given your ansver » the

program has a checking page, which tells
you if your answer was correct. T

[Ty

33.

After you finish a grogram, you some-
times are given a test to £ind out vhat
you have learned. What is the best way

to vork-on the in order to get
the best mark on the test given after-
wvards?

IT'S BEST TO TRY TO FIGURE OUT PROBLEMS ﬂ
FIRST AND THEN CRECK 10 SEE IF 768

ANSWERS ARE RIGHT.

3h.

Write a few sentences describing what : -
You have learned about programs.
A PROGRAM IS MEANT TO TEACH YOU

SOMETHING, NOT TO.TEST YOU,

YOU MUST READ CARFFULLY REFORE
YO ANSWER.

AS IONG AS YOU WORK ACCURATELY
YOU CAN WORK AT YOUR OWN SPEED.
YOU_CAN REMEMBER THINGS BETTER ‘
IF YOU LOOK AT THE CHECKING PAGE _ '
- YOU YOUR H

sescarat |
-

[
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FORCE PROGRAM®
1. 6. ,
We say that an object is "at rest” vhen A-ncmnhcmlhrttomw
it 1an't moving. An wutomobile is at be applies a force to it. He can apply
rest vhen it is ' & force to the wagon by
parked speeding getting in back ‘getting in fromt
T — and pushing it and pulling it
either wy
2. T
A ball is at rest when it is _—— g
lying on rolling off
| a table the table 7 _
X EDIT THIS SENTENCE
F When & man pushes a box, he is
; - applying a force to the box.
‘ E 3. ‘ If the underlined part of the sentence is
, Unless you push a book which is correct, copy the underlined words.
i . lying still on a table, the book APPLYING A FORCE TO THE BOX
i* é vill | If the underlined part of the sentence -
.v - remin at rest start to move is incorrect, change the underlined words. ]
1 X — |
|
i b, 8.
; We use the words "a a force" Make up one correct sentence out of
whenever someone pufl’;elz or pulls an . Oof these words. They can be in any order y
- object. If a man applies a force to you want. You can change the tenses of y
! a ball, the ball will theverbliryouwant. Youcsnlddcny .
i words you want to make a complete sentence.
remain at rest start to move ' ’
[ ] X
T apply a force to ¥0U_APPLY A FORCE TO
: by pushing or pulling OBJECT BY PUSHING |
| 5 OR PULLING TT, a
If a man doesn't apply a force to a box, ;
the box will )
[ remain at rest start to move 1
). " . ;'f]

¥The frames reproduced here are those which were presented to the subjects as ;
confirmation frames after they had made their own responses. X's are used to 4
indicate the correct multiple choice responses.
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9.
EDIT THIS SENTENCE

When a man applies a force to a cart,
the cart will remsin at rest.

If the underlined part of the sentence is
correct, copy the underlined words.

If incorrect, change the underlined words.
NOT REMAIN AT REST or START TO MOVE

10.

Make up one sentence using all these words
and any other words you need.

baby carriage WHEN YOU APFLY A FORCE

apply a force to TO A BABY CARRIAGE, IT
start to move

FORCE TO IT.

11.

Meke up one sentence out of these
words.

apply & force IF YOU APPLY A FORCE

remin at rest TO AN OBJECT, IT WILL
NOT REMAIN AT REST or,
UNLESS YOU APFLY A FORCE

—_— AT A FORCE
10 AN OBJECT, IT WILL

REMAIN AT REST.

2,

When a sailboat stays purfectly still in
the middle of & lake, it's because

NO FORCE IS BEING APPLIED TO IT.
O e e et et e o,

13.

If you push something in a forward direc-
tion, the direction of the push is said

to be
forwvard backward
X _

Since a push is one kind of force » We can
also say that the direction of the force is

forvard backward
_X_ o

14,

If you pull a bucket up to the roof with
& rope, the force pulling on the bucket is

in a in a in an
right-hand left-hand upward
direction direction direction
R L
in a
downward
direction

150

When you throw a ball up in the air, you
are applying a force to the ball in

an upward a downward
direction direction
X _

ittt I ot
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16, 20,

mehahoxtmdthndoor, EDIT THIS SENTENCE

{
you are applying a force to the box If you push an object forvard and the |

in & direction in a direction object moves forward, we would

say
tovard door doce that the force and the movement are
-—ﬁ vy tf:_fh. in the opposite direction. ‘
~X_ —— If the underlined words are correct, ;
copy them. 5
i7.

If incorrect, correct them.

Youapplyaforcotoabu:ifyoulpply IN THE SAME DIRECTION
& force in a right-hand direction, the ‘
box will move in a ’

right-hand left-hand :

direction direction al. ' |
-T — If a wagon moves because you have applied ‘

— — , & force to it, the direction in which the !
wagon moves and the direction of the force !
you applied to it are :

18. the same opposits l
Ananmplcorarorceundmovmnt X
being in the same Airection is vhen _— —
you push clothes down in a hamper
and the clothes ' a2,
move up move down EDIT THIS SENTENCE
X If an object moves because a force is :
— B applied to it, the object will move in _
the same direction as the orce e i
is c@eﬁ to 1t,
19. If the underlined part of the sentence is
If you push & box toward the left, the correct, copy the underlined words,
box will move to the left. The force THE OBJECT MOVE THE SAME DIRECTTON
you apply and the movement of the box As_s%“yg—mrmz H IS APPLIED TO IT
" 10 the same 1 opposite If incorrect, change the underlined words.
direction directions
L ) S
23.

Make up one sentence out of these words. '

& cart will move A CART WILL MOVE IN THE t

in the same SAME DIRECTION AS THE
direction &5 yorce APPLIMD 70 T7.
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One man can't push a stalled car by
himself. Five men can push it,
because the force they apply to the
car is

strong enough
X

t00 weak

e71.

A large boulder is NOT likely to be

vhen the force applied to it is
strong very strong

1

ol

8.

When the force applied to an object is
too weak, the object will

start to move remain at rest

L

A-52
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29.
EDIT THIS SENTENCE

Woen the force t0 an object
%s%ﬁg %Eﬁ%ﬁﬁ;
[ NOVe o

If the sentencs is correct, copy the

oy oen ey - N v ~ -
BTRONG DUGH, THR OBJICT WILL 8STAR 0 MOVE.

If the sentence is incorrect, change the
underlined words.

30.
Make up one sentence out of these words.
force nmmmm@ﬂ

too weak OBJECT IS T00 WRAX, THE OBJECT
move WILL NOT MOVE.

31.

The strength of forces is measured in lbs.
The strongest force is the

10-1b. force 3=1b. force 5-1b. forcs

X

32.

Compare a 200-1b. force and a 100-1b. force.
The 200-1b. force is

stronger weaker
x L

33.

A 100-1b., force is LESS likely to make a
stalled car move than a 200-1b. force
because ths 100-1lb. force is

weaker stronger

~X_

o

| R |

[ S & |



3.

We talk about how STRONG a force is. We
DOM'T talk about how much a force veighs.

ore, if a man applies & 30-1b. force,
the 30 1bs. tells us

how strong the how much the

force is force weighs
L Lo )

35.

A man's weight is measured in lbs. The
STRENGTH of forces is ALSO measured in

. & 10-1b. force is applied to a
box, 10 1bs. tells us the

strength of weight of
the force the force
L LT
36.

When we talk about & force of 15 lbs. or
25 lbs., the number of lbs. tells us

how much the how strong
force weighs the force is
37.

Compare a 30-1b. forcs and a 10-1b.
force. The 30-1b. force

veighs more is stronger

Smm— ———

X

A-53

38.

A boy wvas just barely able to make a
move vhen he applied a force of 45 1bs.
to 1it.

EDXT THIS SENTENCE
If the boy had applied less Lforce,

the ?go_z_:_ wouldn't move because
t orce no [
en@.
If correct, copy the underlined words.

mmoumm'mumwmmm
mﬁms’moﬁwﬁ,
—_— 0 DA ShuGH

If incorrect, make it correct.

39.
A man pushed a cart with a force of 25 lbs.
EDXT THIS SENTENCE

The number of lbs. tells us how mxh
the force weighs.

If the underlined part of the sentence
is correct, copy the underlined words.

If incorrect, change the underlined words.
HOW STRONG THE ¥ORCE IS

ho,
Make up one sentence out of these words.

we measure WE MEASURE THE STRENGTH

ST 2L OLRENGLH
of & force OF A FORCE IN LBS.

in lbs.

b,

Construct a sentence out of these words.
rexain &t rest AN OBJECT WILL REMAIN AT
force REST IF¥ THE FORCE. APPLIED

strong T0 IT IS NOT STRONG ENOUGH,




L AT,

k2,

Make up your own exsmple of a situation

vhere somsthing doesn't move bocauss
force applied to it isn't strong

enough.

IF A BOY

h3.

A 3-1b. book on a desk applies a 3-1b.
dowmard force to the desk. A 10-1b.
bax on the desk applies a dovnwerd
force to the desl of

3 1bs. 10 1bs.

L

by,

A 180-1b. man standing on the floor
applies

& dovnward force an d force
of 180 1bs. to of 160 1bs. to
the floor the floor

hs.

The more an object weighs R
the stronger the the weaker the

dowvnmward force dovnward force
it applies it applies
L L ]

b6,

Compare a 2000-1b. and a 3000-1b. auto-

mobile. The downward force applied to

the road by the 3000-1b. car is
stronger veaker

X

A-5h

b7,

The strength of a downwvard force which an
object applies to a table depends on the

weight of weight of

the object the table
~X_ —
48, ‘

We want to put one box on & table, but

the table is in danger of breaking. It
would be batter to select the

200-1b. m 250.1bo bm
L L

because it will apply a

weaker stronger
downward force dovnward force
to the “able to the table
X

Sm——— S—————

kg,

A pile of books is lying on a table. If
we know how much the books weligh, we
also know

the strength of the the weight of the
downward force applied ddunwﬂ}%'o'mce which
to the table is applied to the .

table

———— —————————

X

50.
A 15-1b. box is resting on the floor.

The box The strength of the
wveighs downward force on
15 1lbs. the floor is 15 1lbs.

both nsither

X
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5.

A 95-1b. boy lying on a bed applies
& downward force to the bed of

less than exactly more than
95 lbs. 95 lbs. 95 lbs,
EEeE——— L L )
52.

EDIT THIS SENTENCE
A 30-1b. beg of sand applies a down-

ward force of less than 30 lbs. to
the gom.

If the underlined part of the sentence
is correct, copy the underlined words.

If incorrect, change the underlined words.

A_DOWNWARD FORCE OF EXACTLY 30 IBS. TO
IHE GROUND

53.

[ B0k ]

Make up one sentence about this Plcture
using these words.

downward. force THE STRENGTH OF THE
&pplied by the DOWNWARD FORCE APPLIED

depends on BY THE BOX TO THE TABLE

welghs DEPENDS ON HOW MUCH THE
BOX WEIGHS,

54,

An object lying on a table applies a
downward force to the table, The strength
of the force is equal to THE WEIGHT OF
THE OBJECT,

A-55

55.
Complete this sentence.

An object at rest will start to move only if

YOU APPLY A FORCE TO IT,

56.

How can you apply a force to ‘objects?
BY PULLING THEM OR PUSHING THEM, :

o7,

The direction in which an object moves
depends on THE DIRECTION OF THE FORCE
IT

58.

An object will remain at rest unless the
force you apply to it is STRONG ENOUGH,

59.

How much downward force doas an object
apply to the surface on which it's lying?
A FORCE EQUAL TO ITS WEIGHT,

60.

When a 30-1b. object is on the ground,
what does the object do to the ground?

APPLIES A DOWNWARD FORCE OF 30 IBS,
TO THE GROUND, o

61 ]

When you 1ift an object off the ground
what are you doing to the obJect?
APPLYING A FORCE TO IT.
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ADDITIONAL RESULTS . {
Table 1 | f
Suzmary of Analysis of Variance ]
for the Matching of Ss for:
Otis IQ .
SOURCE OF OEGREES ‘OF SUMS OF MEAN .
VARIATION FREEOOM SQUARES SQUARE S ¥
i ‘ . o=y
; 1 1 «28571 «28571 .01
: ‘2 1 2162.57156 2162.57156 . 5k,06M
. 3 1 «28571 «28571 .01 T
12 1 10.28571 10.28571 - .26
! 13 1 «28571 . «28571 .01
b 23 1  .28571 28571 .01
; 123 | 1 «28528 +28528 .01 {
; WITHIN REPLICATES 48 1925.42836 40.11309 : :
: fUTAL 55 4099.71375 -
r ]
T
! 4
a2 7
& Table 2 g
‘ Summary of Analysis of Variance - _
, for the Matching of Ss for: g
o Work Rate ]
|
i SOURCE QF . DEGREES OF SUMS OF MEAN | f
; VARIATION FREEDOM SQUARES SQUARES r L
! |
” 1 1 4.01786- 4.01786 .80 gﬁ
v 2 1 .01786 . +01786 Q0 1
| 3 1 270.16072 270.16072 51,03k
12 1 «87500 «87500 A7 -
13 1 1.44643 1.44643 29 i
) ‘23 1 044643 044643 .09 LY I
123 1 «01782 .01782 .00 !
WITHIN REPLICATES 48 239.99998 5.00000 -
TOTAL 55 51698208 '
.
Significance levels: % = 05; ¥* = ,01; ¥¢ = ,001. ‘
A-56 o
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Table 3

Surmary of Analysis of Variance
for the Matching of Ss for:

Pretest Scores

SOURCE OF
VARIAT ION,

1

2

3
12
13
23
123

DEGREES OF
FRECOUM

SUMS OF
SQUARE S

7.87500
15.44643
3.01786
044643
le44643
7.87500
87495
619.99993

MEAN
SQUARES

7.87500
75.44643
3.01786
44643
1.44643
7.87500
87495
12.91667

VB QD 1o 0t o ot gt gt s

WITHIN REPLICATES
TOTAL

W &

716.98202

Table 4

‘Summary of Anslysis of Variance:
Posttest - Archimedes' Principle

SOURCE OF
VARIAT ION

|

2

3
12
13
23
123

WITHIN REPLICATES
" TOTAL

DEGREES OF
FREEDOM

“Qpp.—npppp

NS

SUMS OF
SQUARES

31.50000
48.28571
2.57143
31.50000
07143
714286
12.07143
400.57137
533.71423

MEAN
SQUARES

31.50000
48.28571
2457143
31.50000
07143
714286
12.07143
8434524




Table 5

Sumary of Analysis of Variance:
Retention Test - Archimedes! Principle

SOURCE Of

DEGREES OF SUNMS OF MEAN

VARIAT ION FREEDOM SQUARES SQUARES r

1 1 3.50000 3.50000 .38
2 1 68.64286 68.64286 T.55#%
3 1 «07143 «07143 01
12 1 350000 3.50000 .38
13 1 1.78571 l.78571 20
23 . 1 8.64286 8.64286 «95
123 1 5.78569 5.78569 6l
WITHIN REPLICATES 48 4%39.42852 9.15476
TOTAL 55 531.35706

A Y
Table 6
Summary of Analysis of Variance:
Posttest - Bernoulli's Principle

SOURCE OF DEGREES UF SUMS OF MEAN

VARIATION FREEDOM SQUARES SQUARES F
| | 58.01786 58.01786 2.73
2 1 95.16071 95.16071 1;.!;7*
3 1 62.16071 62.1607) 2.92
12 1 044643 044643 .02
13 1 7.87500 7.87500 37
23 1 044643 e"4643 .02
123 1 85.01782 85.01782 4,00
wiTHIN REPLICATES 48 1019.42847 21.23809

TOoTAL 55 1328.55342

A-58
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Table 7
Summary of Analysis of Variance:

Retention Test ~ Bernoulli's Princirle

—

SOURCE OF DEGREES OF SUMS OF MEAN

VARIAT ION FREEDOM SQUARES SQUARES ¥

1 i 44464286 ©4.64286 1.70

2 1 265.78571 265.78571 10.10%%

3 1 73.14285 73.14285 2.78

12 1 12.07143 12.07143 .

13 1 4.57143 %.57143 AT
23 1 4.57143 4.57143 27

123 1 151.14281 151.14281 5o Tht
WITHIN REPLICATES 48 1248,28551 26.00595

TOTAL 55 1804.21402 one

Table 8
Sumary of Anslysis of Variance:
Work Rate - Archimedes' Principle

SOURCE OF DEGREES OF SUMS OF MEAN

VARIAT ION FREEDOM SCGUARES SQUARES F

1 l 66.44642 66044642 6.05%
2 1 644643 6.44643 59
3 1 111.44642 111.44642 10l
12 1 «87500 «87500 .08
13 1 44643 44643 Oh

1 15.0178% 15.01785 1.37

123 1 01785 «01785 .00
WITHIN REPLICATES 48 529.14281 11.0238]
TOTAL 55 729.83920

A~59
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Table 9

Summary of Analysis of Varisnce:
Work Rate -~ Bernoulli's Principle

‘ r Y
SOURCE OF DEGREES OF SUMS OF MEAN -

VARI AT ION FREEDOM SQUARES SQUARES 4

1 1. 335.16071 335.16071 18, TTne
2 1 33.01785 33.01785 1.85

3 1 75.64643 75.44643 b 228
12 1 62.16072 62.16072 . 3.8
13 1 2.16072 2.16072 2
23 1 1.44643 1.44643 .08.
122 3 30.01775 30.01775 1.68
WITHIN REPLICATES 48 858.57130 17.88690
'TOTAL -1 1397.96189
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1.

As an object gets hotter, its
molecules -start. to move faster.

When you heat & pan of water on
the stove, the speed of the water
molecules starts to

increase decrease

X

2.
When you toast a marshmallow in a

fire, the molecules of the marshmallow

will start moving

slover faster

X

However, when you blow on the
marshmallow and make it cooler,
the molecules start to move

slover faster

X

l

3.

Since, when an object is heated,
the molecules move

faster slower

X

you know that when something feels
very hot, the molecules are

very far apart moving very fast

X _

HEAT*

F L FIR¥X

b,

The temperature of an object is related to
the speed of its molecules.

How hot a cup of coffee feels depends on

o }
how' Past the how big the
molecules of molecules of
coffee are moving coffee are

X

Sn————— ——————

5
How warm the air outside feels depends on

how close together
the molecules
of air are

how fast molecules
of air are moving

X

——— ———————

6.

Make up a sentence nsing all of the words
below. Add any other words that you need.,

molecules MOLECULES DO NOT MOVE FASTER

move fast WHEN THEY ARE COOLED.
cooled

~

Te

Every object is made of molecules which
are always moving.

EDIT THIS SENTENCE

As iuvs molecules start to move faster,
an cbject starts to feel cooler.

If the underlined part of the sentence is
correct, COPY it.

-If the underlined part is incorrect, CHANGE

it.
WARMER

¥The frames reproduced here are those which were presented to the subjects as
confirmation frames after they had made their own responses. X's are used to
indiratle the correct multiple choice responses.
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8.

The way to get the molecules of an
object to move more slowly is to
COOL IT.

Do

The speed of the molecules in an
object depends on HOW MUCH THE
OBJECT IS HEATED.

10.

An obJject starts to feel hotter when
its molecules start to MOVE FASTER.

1l1.

Make up a sentence using all of ‘the
words below.

temperature of THE TEMPERATURE OF AN

an object  opspoT GOES UP AS THE
molecules MOLECULES MOVE FASTER.
12,

A slow=-moving molecule which comes
near another slow-moving molecule
will not increase the speed of the
slow-moving molecule.

However, a fast-moving molecule
that comes near to a slow=-moving
molecule makes the slow-moving
molecule move

no faster faster
than before than before

X

13.

After a fast-moving air molecule has
approached a slow-moving air molecule,
the slow-moving molecule will move at

the same speed a faster speed
as before than before

X

14,

If a slow-moving molecule is approached
by a fastemoving molecule, the slow-moving
molecule will move

faster no faster
than before ‘than before
X

But, when it is approached by another
slow-moving molecule, the slow-moving
molecule will move

faster no fazter
than before than before

X _

15.

When a slow-moving gold molecule comes
near another slow-moving gold molecule,
the speed of the second molecule will

stay the same
as before increase

X

16.

A slow=-moving molecule can be speeded
up only when it i1s approached by

another slow-moving a fast-moving
molecule molecule

X
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17.

A slow-moving molecule starts to
move faster than before if it is
approached by

a fast-moving
molecule

another slow-moving
molecule

X

A slow-moving molecule continues to
move slowly when it is approached by

a fast-moving
molecule

another slow-moving
molecule

X

18.

Draw lines connecting each sentence
on the left side with the sentence
on the right side which tells what
happens .

1. 8.

A slow-moving molecule
is approached by
another slow-moving
molecule,

e slow-moving
molecule starts
to move faster,

2. b.

A slow-moving molecule The slow-moving

is approached by a molecule coritinues

fast-moving molecule. to move at the
same speed.,

19.
EDIT THIS SENTENCE

A slow-moving molecule starts to
move faster if it is approached by
another slow=-moving molecule.

If the underlined part of the sentence
is correct, COPY it.

If t"e underlined part is incorrect,
CHANGE it.

A FAST-MOVING MOLECULE

approach the slow- move away from the

20,
Make up a sentence using all of the words
below,

a slow-moving A SLOW-MOVING MOLECULE

molecule  ppROACHED BY A SLOW-MOVING
MOLECULE CONTINUES TO MOVE
SLOWLY.

approached by

continues to
move slowly

al.

What heppens to a slow-moving sugar
molecule when a fast-moving sugar molecule
comes close to it?

IT STARTS TO MOVE FASTER.

22,

A slow-moving molecule will stert moving
faster than before when a fasi-moving
molecule

stays far away comes near it

X

a3.

In order ‘to make a slow-moving molecule
move faster than before, a fast-moving
molecule has to

A

moving molecule slow=moving molecule

X

S ———— s —




2k,

A fast-moving molecule makes a slow-
moving molecule move faster,

EDIT THIS SENTENCE

A slow-moving molecule will move
faster whether or not the fast-
moving molecule comss near it.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.,

ONLY WHEN A FAST-MOVING MOLECULE COMES
! NEAR IT.

25.

t A slow-moving molecule starts to move
| ‘ faster only if A FAST-MOVING MOLECULE
| COMES NEAR IT,

26,

At Jim's party, 20 people were crowded
into a small room.

At Bob's party, 20 people were spread
out in a large room,

E' People bumped into each other more
of'ten at

Jim's party Bob's party

d X

mm——— oe——

27,

Five hundred cars are crowded together
on a section of the highway.

In one hour's time,

cars come near

onlz a few cars
each other

come near each other

X

However, if the 500 cars are spread far
apart on the highway, the cars come near

each other
many times only a few times Bl

X

at,

Many boys are playing tag on a small
playground. Because the boys are spaced
close together, the boys move near one
another

very often not very often

X

Molecules that are packed closely together
also move near each other

very often not very often

X

|

29,

A bottle of water contains more molecules
than a bottle filled with air. Therefore,
we know that the water molecules are spaced

closer together
than air molecules

farther apart
than air molecules

X

and therefore we also know that, compared
to the air molecules, the water molecules
come near each other

more frequently less frequently

X

30.

Because copper molecules are closely packed;
they come near each other

very of'ten not very often

X

Water molecules, however, are more widely
spaced., Therefore, water molecules appreoach
each other

very often not very often

X

L-‘u—:‘ Iw’




31.

The molecules that make up a metal
knife are packed tightly together.
In one second, the molecules come
near each other

only a few times many times

S Gm—

X

————

|

32.

Molecules of water are spaced farther
apart than molecules of metal.

Therefore, in a glass of water, the
molecules approach each other

more often not as often’

—_— X

33.

Write 1 under the substance whose
molecules approach each other most
often.

Write 3 under the substance whose
molecules approach each other least
often.

Write 2 under the remaining substance.

gold molecules, alcohol molecules,
spaced very close spaced

‘together moderately far apart
# L
oxygen molecules,
spaced
yery far apart
3

St t—

3k,

The molecules in a silver fork are spaced
close together.,

EDIT THIS SENTENCE

The silver molecules do not approach
each other very frequently,

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

APPROACH EACH OTHER VFRY FREQUENTLY.

35.
EDIT THIS SENTENCE

The molecules that make up an object
do not come near each other frequently
if the molecules are closely spaced.

If the underlined part of the sentence
is correct, COPY it.

If the underlined pert is Incorrect,
CHANGE it.

IF THE MOLECULES ARE WIDELY SPACED

36.

Meke up a sentence using all of the
words below.

frequently MOLFCULES COME NEAR EACH
molecules OTHER FREQUENTLY WHEN THEY ARE
spaced CLOSELY SPACED.

37.

A flask of oxygen gas containc molecules
that are very fur apart. As the molecules
move around in the flask, what happens to
the molecules?

THEY APPROACH EACH OTHER VERY INFREQUENTLY,




38.

How frequently the molecules that
make up an object come near each
other depends on HOW CLOSELY PACKED

THE MOLECULES ARE,

39.

When heat travels through an object,
we say that heat is conducted,

When a pot is on the stove, we say

heat is conducted if

heat® goes through
the pot and the
handle gets hot

X

—————

ho,

heat stays only in
the bottom of the
pot near the flame

|

A short time after you heat one end

of a silver wire,

the rest of the wire

also gets hot

X

St am——

Therefore,

only the wire near
the heat gets hot

heat travels quickly heat does not travel

through silver

X

Srp——

b,

through silver

» e—

osram——

We say that a bar of gold conducts heat
because, when you apply a flame to one

end of the bar,
heat stays in the
end near the flame

heat spreads through

the bar

~X_

B-6

ha.

A metal spoon is a good conductor of heat.
If you apply a flame to one part of a
spoon,

only that part all of the spoon
gets hot gets nhot
X

However, if heat is applied to one part

of a tube of water, which is a poor

conductor of heat,
only the heated
part gets hot

all of the water
gets hot

X

s nmp————

l

h3o

When heat spreads quickly through an
object, we say the object is a good
conductor of heat.

Because heat travels slowly through water,
water is a

good conductor
of heat

poor conductor
of heat

— X

by,

Heat travels very slowly through alcochol.
Therefore, we say alcohol is a

poor conductor good conductor

X
However, heat goes through a metal bar

from one part to another very quickly

because metal is a

poor conductor good conductor

X
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P ESE

.

bs.
EDIT THIS SENTENCE

When one part of a tube of eir is
heated, the rest of the air stays
cool. Therefore, we say that air
is a good conductor of heat.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorréct,
CHANGE it.

IS NOT A GOOD CONDUCTOR OF HEAT

EDIT THIS SENTENCE

We say heat is conducted when you heat
one part of an object and the rest of

the object stays cool.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

GETS HOT

b1,

Make up a sentence using all of the words
below.

heat 1s conducted HEAT IS CONDUCTED
WHEN HEAT TRAVELS
FROM ONE END OF AN
OBJECT TO 'THE OTHER
END.

travels

from one end

B=7

l'a.

Heat travels very slowly through a piece
of asbestos. Therefore, we say that
asbestos is A POOR CONDUCTOR OF HEAT.

)‘"90

What do we mean by conduction?
HEAT TRAVELS THROUGH AN OBJECT.

50.

Give an example of an object which is

a poor conductor of heat, and tell what
happens to the object when you apply
heat to part of it.

Your example can be any object which is
a poor conductor of heat, for instance,
asbestos, alr, etc. When you apply heat
to part of it, ONLY THE HEATED PART GETS
HOT.

51.

When heat is applied to the left side of
a metal bar, the molecules at the left
cide start to move faster. Therefore,
the left side

starts to feel
hotter

continues to feel
the came as before

X

The right cide of the bar will start
to feel hotter, also, when the molecules
at the right side
start to move
faster
then before

continue to move
the game
ac before

X "




|

52.

When heat is applied to one part of a
metal objeet, the molecules of that
pert start to move

faster slower

X

They approachk the slow-moving molecules
next to them and make them

start to move stay the same
faster speed as before

X

53-

1| 2] 3| 4] 5] 6

f

The fast-moving molecules in Area #1
approach the molecules in Area #2.

The molecules in Area #2
start to move stay the same speed

faster as before
X
Therefore, Area #2 feels
the same as before hotter than before
X

|

———————

35
EDIT THIS SENTENCE
When part of an object is heated,

the heated molecules do not increase
the speeds of the molecules nearby.

If the underlined part of »he sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

THE HEATED MOLECULES DO INCREASE THE
SPEEDS OF THE MOLECULES NEARBY.

56.

The molecules at one end of a metal wire
do not move all the way to the other end
of the wire, but they can still chenge
the speeds of the molecules at the other
end of the wire. Explain how.

THE MOLECULES AT THE HEATED PART MOVE
FASTER AND MAKE THE MOLECULES NEXT TO
THEM MOVE FASTER, AND THEY MAKE THE

MOLECULES NEXT TO THEM MOVE FASTER, AND
SO ON, UNTIL ALL THE MOLECULES MOVE
FASTER.

9T

The bottom of o metal pan.ic heated on
the stove., At first only the molecules
of the bottom start to move faster, but
then the fast-moving molecules

make the slow-moving

5k, do not affect molecules next to them
any other molecules move faster
1 2 3 4 5 6 x

A!ker the fast-moving molecules in Area #1
meke the molecules in Area #2 start to
move faster, the fast-moving molecules

in Area #2

approach the molecules
have no effect in Ares #3 and
on Area #3 molecules make them move fastor

X

Therefore, Aren #3 feels B8
the game as before hotter than before

v———

X

|

When fast-moving molecules make clow-
moving molecules move facter,

heat travels heat ctays only in

through the pan the bottom of the pan

X

L-Ligﬂ
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58.
The top of a metal pole is heated.

The molecules at the top start to move
faster.

When the fast-moving molecules at the
top make the molecules next to them
move faster,

heat stays only heat is conducted

in the top through the
of the pole pole
X

p———

29.

If heat is applied to the left side of
a metal bar, the right side gets hot in
a little while because

the heated molecules the heated molecules
make the others move move to the other
faster slde

X _

60.

Heat is conducted through a brass handle
because

fast-moving molecules
fast-moving molecules make slow-moving
move to the cool parts molecules move faster

—_— X

61.

Moke up a sentence using gll of the words
below.

heat 1s conducted HEAT IS CONDUCTED
fact-moving molecules WHEN FAST-MOVING
MOLECULES NEAR THE

near the heat

slow-moving molecules HEAT MOVE FASTER AND

THEN MAKE THE SLOW-
MOVING MOLECULES
MOVE FAGTER.

B-9

62,

A flame is applied to one end of & metal
spoon. Explain fully how heat gets
conducted through the spoon.

HEAT MAKES THE MOLECULES NEAR THE FLAME
MOVE FASTER, AND THESE MOLECULES MAKE THE
SLOW~-MOVING MOLECULES MOVE FASTER.

63.

Because copper molecules are spaced close
together, a fast-moving copper molecule
can come near

many slow-moving only a few slow-moving
copper molecules copper molecules

X

Therefore, a fast-moving copper molecule
would be able to increase the speeds of

‘many slow-moving only a few slow-moving

copper molecules copper molecules

X _ —_—

6,“'.

Because ailr molec ules are spaced very far
from each other, a fast-moving air mole-
cule can approach

many clow-moving only a few slow-moving
alr molecules alr molecules

X

Therefore, a fast-moving air molecule
could sneed up

mony slow-moving  only a few slow-moving
air molecules air moleccules

— X _




650

When we heat one end of a bar of
aluminum, the molecules at that
end move faster right away.

Since the molecules of aluminum are
very close together, the fast-moving
molecules make the slow-moving mole-
cules move faster

in a short time after a logg time

X _—

66.

Water molecules are not as close
together as molecules of metal.
Therefore, when heat is conducted,
fast-moving molecules make slow-
moving molecules move faster

more quickly less quickly
in water in water

X

s ————

67.

Write Q under the substance in which
the faster movement of molecules
caused by heating spreads quickly.

Write S under the substance in which
the faster movement of molecules
cauced by heating spreads glowly.

oxygen gas that has aluminum that has
molecules which are molecules which are
far apart closce together

(54

5 —2

B=10

68,
Write 1 under the substance in which the

faster movement of the molecule: caused
by heating spread fastect.

Write 3 under the substance in which the
faster movement of the molecules spreads
slowest.

Write 2 under the otuocr substance.

milk molecules air molecules
wvhich are far which are very
apart far apart
2 3

dant—— S ———

lead molecules
which are very
close together

1

69.

Heat is conducted when fast-moving
molecules make slow-moving molecules
move faster. Therefore, heat is
conducted slowly through oxygen gas
because oxygen molecules are

close together

S ———

for aport

X

Heat ic conducted quickly through copper
because copper molecules are

closely spaced  widely spaced

X

|

0.

Gllver conduets heat fastest beecanse silver
molecules are very

elose together far apurt

X

Alr conducts heat slowest beenuse air
moleeules are very

elose tegether ar apard

X

= ———

|
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EDIT THIS SENTENCE

An object conducts heat quickly if
it has widely-spaced molecules.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

CLOSELY-SPACED MOLECULES

T2.
EDIT THIS SENTENCE
An object with widely-spaced molecules

conducts heat slowly because the
fagter movement caused by heat spreads

guicklz.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

THE FASTER MOVEMENT CAUSED BY HEAT
SPREADS SLOWLY.

730

Why does an obJject with closely-spaced
molecules conduct heat fastest?

THE FASTER MOVEMENT FROM HEATING
SPREADS QUICKLY. :

Th.

How fast an object conducts heat depends
on HOW CLOSE THE MOLECULES ARE,

B-1l
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SURFACE TENSION*

1.

If we place a needle in the center
of water, it will

sink float

S —————————

X

But, if we place a needle on the
surface of water, it will

sink float
RN L
2,

A razor blade will float if it is
placed

in the center

on the surface
of the water

of the water

X
A razor blade will sink if it is placed

in the center
of water

on the surface
of water

l

X

3.
EDIT THIS SENTENCE

A needle floats on water when it is
placed beneath the surface.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHANGE it,

ON_THE SURFACE

h,
Make up a sentence using all of the words
below. Add any other words that you need,
razor blade . A RAZOR BLADE SINKS IN
center cf water THE CENTER OF WATER, BUT
surface of water FLOATS ON THE SURFACE

OF WATER, |

50

At the top of all liquids there is a

thin f1lm call=d the surface film.

If ve place a razor blade on water, the
surface film

supports it lets it sink

napem—
——————— Cam——————

6. ,

Although a needle is heavier than water,
it floats because there is a surface film
holding it up at the

top of the bottom of the
liquid liquid
“x E———

7.

A bug can "skate" across the top of
water because it is

supported by a
surface film

pulled down by
the surface film

X

‘*'Ih.e frame;s reproduced here are those which were presented to the subjects as
confirmation frames after they had made their own responses. X's are used to
inlicate the correct multiple choice responses.
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EDIT THIS SENTENCE

A hairpin floating on top of water
18 not supported by the surface f£ilm.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

IS SUPPORTED BY THE SURFACE FIIM.

9.
Complete this sentence.

A razor blade does not sink because
IT IS SUPPORTED BY A SURFACE FIIM,

10.

Whan you stand on a trampoline, the
trampoline

bends remains stiff

X

When you Jjump off the trampoline, the
trempoline

- gets stralight

8till remains

agaln bent
-—-&-— —

1l.

The surface film acts like g trampoline.
When you place a razor blade on it, the
surface

bends remains stiff
X )
When you remove the blade, the
surface
gets straight 8till remains
again bent
X _ S
B-13

12.

Because the surface f£ilm bends, we could
describe it as acting like &

sheet of rubber sheet of steel

X

That 1s, the surface film supports things
because it bends and

breaks easily does not break

X

Seem——

|

13.
A paper clip floats on top of the water
because there is a surface film which

bends but
does not break

bends and
breaks easily

X

Tl o e B ST —

1k,
) EDIT THIS SENTENCE

When you touch mercury with & pin and
then release the Pln, the surface gets
straight agein because the surface
£ilm bends and breaks easily.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

SURFACE FILM BENDS AND DOES NOT BREAK EASILY.

15.

Make up a sentence using all of the words
below.

razor blade A RAZOR BLADE FLOATS ON WATER
floats BECAUSE THE SURFACE FIIM BENDS
break easily RBUT DOES NOT BREAK EASILY.




Y

6.

What will happen to a paper clip
1f we put it on top of a liquid?
Explain why. .
THE PAPFR CLIP WILL FLOAT BECAUSE

IT IS SUPPORTED BY A SURFACE FILM
WHICH BENDS BUT DOES NOT* BREAX,

17.
A child blows a soap bubble.

When the child stops blowing,
the air escapes and the bubble

stays the same gets smaller
S X _

18.
When you stretch a rubber band it
gets bigger stays the same shrinks

x >
But, when you let go of a rubber uund
1t /m
gets bigger stays the same shy _nks
19.

Just like when you let 80 JSf a rubber
band, or when you let air?out of a

bubble, the surface filr; of a liquid,
tends to

shrink stay the same’ spread out
~x~ L L

20.

The surface filr of a liquid does not
stay the same g12e, rather it tends to

shrink spread out
wa—— ST S—————

/

2 s s

B~1k
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21. |
If you smear water on a table top, the

tilm of water you leave on the table will

shrink spread, out
X _ —_—
22,

When there is a thin film of water on a
waxed automobile hood, the part which
dries first is the

outer edge center of
of the film the film
— —

23.

When there is a film of water on an
automobile hood, the outer edge of the

film dries first becsuse the film of water

shrinks and spreads out
gets smaller and gets bigeer
X —_—
2k,

If you wet an ares with water, the water

shrinks and gets smaller because the
surface film pulls the water

in toward the out toward the
center edges
X _ R
25,

EDIT THIS SENTENCE

When you wash a bleckboard, the film
of water on the board tends to

get bigger.

If the underiined part of the sentence is

correct, COPY 1ta

TSRS S S st L s emmicaw tieiae o . L. L

el |

If the underlined
CHANGE it.

GET SMALLER (SHRIN;C) .

part is incorrect,
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26, 30.
The surface film on top of the water in A magnet pulls rarticles of steel toward
& glass acts the same as the £ilm of it because the magnet
water on a blackboard. attracts steel repels steel
EDIT THIS SENTENCE . e
- 4 When water is in a glass, the surface . i
- | film on the top of the water does NOT
> 4 ‘ get smaller.
] If the underlined part of the sentence 31.
' is correct, GOPY it. Just like a magnet, water molecules are
pulled together because they
‘ If the underlined part is incorrect, :
CHANGE it. attract eac.:-h other repel each other
' ' THE SURFACE FIIM ON THE TOP OF THE X ,
H WATER DOES GET SMALLER.,
Y l 32.
’ 27. IT two woter molecules atiract each other
; Meke up a sentence using ail of the they will
,  ' words below. move together move apart
3 surface film THE SURFACE FILM e e
stay the same size OF A LIQUID DOBS NOT e wemenereere
' l shrinks STAY THE SAME SIZE,
- BUT SHRINKS. 33.
$ I The molecules in a liquid sttract eacn
other, Therefore, they
& 28. cling together move apart
I If you spresd a film of water on the —e
i roof of a car, what will happen to —
f the film of water?
: THE WATFR SHRINKS AND GETS SMALLER,
o The molecules in a liquid cling togethexr
l 9 because they
- If you wet a 10-inch circular aresa . . N
vith water, the circle of water would attract each other repel each other
become a X
, I l2-inch circle  8-inch circle
of water of water
/ — X
' Explain why you chose that answer.
i | LIQUID TENDS 70 SHRINK.
' B~15
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35.
EDIT THIS SENTENCE

Becauge liguid molecules attract
each other, they tend to move

agggt.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.
MOVE TOGETHER (CLING TOGETHER),

36.

Make up a sentence using all of the
words telow. '

because water BECAUSE WATER MOLECULES

molecules  \mwpacT EACH OTHER, THEY
atiract DO NOT MOVE APART,
move apart
3T

A molecule in the center of a glass cf
milk has molecules

only only
above it below it all around it
—_— — X

38.

A molecule on the surface of s glass of
milk has no liquid molecules

below it beside it above it
-—-—-—-u——-—nn--i—-
But, it does have liquid molecules
on all sides
on all sides except the top
SRR -xm

————
g

B-16

39.
A molecule in the center of a liquid is
attracted by the molecules

all around cnly from the top

X

—————

l

ko.

Because there are no liguid molecules
above it, & molecule on the surface of
water is attracted in all directions but

not down not up not sidewards
S X —_—
b1,

A molecule on the surface of a liquid is
only attracted sidewards and downwards
because there are no liquid molecules

below it above it

-

|

he.

Put X's below all the answers that tell
in how many directions a molecule on the
surface of a liquid is attracted by the
other molecules,

sidewards upwards downwaxrds
~X_ — .
3.

EDIT THIS SENTENCE

The molecules ut the surface of a
liquid are being attracted in all
directions.,

If the underlined par't of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHAKGE it.

SIDEWARDS AND DOWNWARDS BUT NOT UP

P j——

$ i-u-nj ,'wi

e

J

¥ i,
-

}

— = ==

L

|
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4y,

Meke up a sentence using all of the words
below.

surface molecules SURFACE MOLECULES ARE

attracted ATTRACTED SIDEWARD AND

upward direction DOWNWARD BUT NOT IN AN
UPWARD DIRECTION.

L5,
Complete this sentence.

Liquid molecules at the surface are not
attracted upward becauce THERE ARE NO
LIQUID MOLECULES ABOVE THEM.,

146.

When rain falls it takes the shape of
a sphere,

Put an X below the shape that is most
like dripping water.

A @,

S————— s e ————

X

——— emteeememeet s———

h?.

We speak of rain "drops" because
liquids tend to form

cubes cones spheres

X

|
|

48,
When & liquid shrirks it covers a

bigger area smeller area
SRS— b‘_x~
- B-1T7

kg,

When liquids shrink, they cover a very
small area.,

Liquids form drops be’ use the shape with
the smallest area is a

rectangle sphere triangle

WLW

50.

If you spilled mercury, it forms tiny
spheres., That is, the mercury takes the
shape with the

largest area

Se——
Sanp———

smallest area

X

51.
EDIT THIS SENTENCE

When water drips from a tap it
forms spheres because a sphere
covers the largest area.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

A SPHERE COVERS THE SMALLEST AREA

52,
Complete this sentence.,

When liquids shrink they form a sphere
because A SPHERE COVERS THE SMALLEST AREA,

93,

When water is in a glass it has a surface
film. ZILiquids also bave a surface film
when they

form a are spilled on
sphere the floor both

X




52".

When water is in a'glass, the
molecules at the surface are
being attiacted

sidewards and
downwards in all directions

X

When water forms a sphere, the
molecules at the surface are still
being attracted

sidewards and
downwards .in a1l directions

X

55.

When water is spilled on the rloor,
the sideward and downward attraction
of the swrface molecules causes the
water to

spread out and cove:r shrink and cover
the biggest the smallest
possible area possible area

X

56+
The surface film of a liquid aiwmys
shrinks to the smallest spreais the

possible area liquid out
x R ———
This happens because
there is a
sideward and downward there is no

attraction on attraction on the
the surface molecules surface molecules

X

Corsa——

|

B-18
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EDIT THIS SENTENCE

When you spill a drop of milk, the
sideward and downward attraction of
surface molecules causes the milk to

spread out to the biggest possible area.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

SHRINK TO THE SMALLEST POSSIBLE AREA

58.
EDIT THIS SENTENCE

Water on a waxed table forms spheres
because the molecules in the surface
film are attracted upwards and
downwards .

If the underlined part of the sentence
1s correct, COPY it.

If the underlined pert is incorrect,
CHANGE it.

SIDEWARDS AND DOWNWARDS

29.

Because the molecules at the surface of
a liquid are being puiled sideward and
downward, what happens to the liquid?

IT SHRINKS TO THE SMALLEST POSSIBELE AREA.
"(IT FORMS A SPHERE.)

0.

Meke up a sentence using all of the words
below.

surface film THE SURFACE FIIM DOES NOT
spread out SPREAD OUT BECAUSE OF THE
attraction of SIDEWARD AND DOWNWARD

molecwles  \prRACTION OF THE MOLECULES.

[

foma it S
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61.

When you get out of a swimming pool,
the water beads on your skin.

Explain what happens to the molécules
when water takes that shape.

BECAUSE THE SURFACE MOLECULES ARE
ATTRACTED SIDEWARDS AND DOWNWARDS,
THE WATER SHRINKS T0 THE SMALLEST
POSSIBLE SPHERE,

B-19
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Visual Answer Booklet

HEAT - DIRECT :
i 1. 7.

‘ E + Answer A Answer B Answer A Answer B T
i Fast-moving Slow-moving — S J
molecules molecules Hl H "'"ﬂ ,_——F:-Hl

2. LTI ==y =y

Arsver /1 Ansver B 8 -
Fast-moving Slow-moving Answer A Answer B '
molecules molecules — ——— -

{

! | — — | .

X% .3. L TQ

: Anav.reﬁr A Answer B Adl ot aa LN -

j Molecule continues Molecule starts 9 . O aber thte s .

to move slowly* to move fasters Answer A Answex -
L, ol -
Answer A Ansver B l \ -
Molecule continues Molecule starts Hoat
Lravuls through Boat o
to move slowly*  to move faster ' Jirir atie m’u‘ﬁ'mm N
S—— S P—— 10. .Mul“lhv"h oane, -
. Ansver A Ansver B -
5. . R Y -
. holecules all move At first only molecules
Ansyer A Angyer B fast at once* near hest move fast, -
Molecules Molecules ) then it opresds*
far apart# close together* t— e ]
*‘ S Bl W
S———— Ao ——— 11- o
Answer A Ansver B |
6. Fast movement Fast movement’ y
Answer A Answer B spreads siowly# spreads quickly*
‘J
o
0.0 % o9 12,
AL ® o Ansver A Ansver B -
00 0 o ® o || Slov-moving molecules  Slcw-moving molecules
spaced close togethexr* spaced far apari#
Pl
*Students saw only "Answer A" and "Answer B" in their booklets., The phraces are
descriptive of what they saw on the screen. .,
B-20 {
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Visual Answer Booklet

Slow pinging

Answer B
Fast pinging

2, o
Answer A Answer B

Fast pinging Slow ringing
3.

Answer A Answer B

Molecule continues
to move slowly*

k.,
Answer A

Molecule continues
to move slowly#

Se
Answver A

Molecules
far apart*

13

wer A

/'(‘//
(N

\.

Molecule starts
to move faster*

Answver B

Molecule starts
to move faster*

Answer B

Molecules
close together*

——————

Answver B

i
| Heat travels quickly

through the water
and melts the ice,

10.
Ansver A

Molecules all move
fast at once*

1i.

Answer A

Fast movemént
spreads slowly¥*

12,

Answer é

Slow-moving molecules Slow-moving molecules
spaced close together*

spaced far apart*

Answer B

At first only molecules
near heat move fast,

then it spreads*

Answer B

Fast movement
spreads quickly*

Sm———

Answer B

¥*Students saw only "Answer A" and "Answer B" in their booklets. The phrases are
descriptive of what they saw on the screen.
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Visual Ansver Booklet - Surface Temsion (Direct)
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Visual Answer Booklet - Surface Tension (Direct)
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Visual Answer Booklet - Surface Tension (Indirect)
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Achievement Test

N .
eSS |

PART I

p
R e

l. The left aide of a metal bar is heated. Rxplain heat 1s conducted through
the metal bar so that the right side also becomes hot.

va-—j

'WJ

—
5;...-;&..;,

2. Different substances conduct heat differently. Some substances conduct heat
easily and quickly. Others conduct heat slovly or not at all. What determines
how easily heat is conducted?

I T |
3

e

- b

3. Describe two conditions which are necessary if the inovement of one molecule
is to change the movement of another molecule.

]

|

k. Describe two conditions under which the movement of one molecule will not ..'.J

change the movement of another molecule.

5. What effect'does cooling an object have on the molecules that mke up the cbject?




PART II .

1.

2,

3.

a. Circle the substance which conducts heat the siowest.
metal water alr

b. Why does that substance conduct heat the slowest? !

&, When one part of the substance is heated, the molecules at that part change
speeds. Circle the substance in which the change in speed spreads slowest
from molecule to molecule.

metal water air

b. Why does it spread slowest in that substance?

Circle the substance in which molecules approsch each other most often.
metal water air

b. Why do molecules appromch each other most often in that substance?




e

Achievement Test

1.

a.

b.

C.

SURFACE TENSION

Some objects which are heavier than water can » nevertheless, still float
on top of the water. How is this possible?

When the same objects are placed below the top of the water, they sink.
What difference is there between the top of the water and the middle of
the wvater?

Using the word "molecules” in your answer explain why there is a difference
between the top and middle of the water.

2, When it rains, in what shape does rain come down?
Explain why the rain takes on this shape,

Aftey you spill soume pop on your clothes » ‘the wet spot begins to dry. Describe

which part of the spot dries first and explain why it dries first.

4, what causes a surface film to be formed in a glass of soda pop?

S Describe the ways in which surface films act.

B-30
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ATOMS AND MOLECULES#

1.

All substances like irom, wood, water,

air, aluminum, etc. can be broker down

into tiny pieces vhich we call "atoms,"
Moms are

the smallest pieces the largest pieces
L SR——
2.
¢ SOPIVM
Y cHLOR|DE t

The picture shows the atoms that mke up
salt. Balt is made up of

one kind two kinds
of atom of atoms
—_ _X_
3. “—oxvcsu
catpoN R carsonN

Carbon dioxide is mede up of
() 1latom 2 atoms 3 atoms

X
(b) oxygen carbon oxygen and carbon
atom atoms atoms
_L
(c) one kina two kinds
X
(a) one. two
carbon atom carbon atoms
L ] L

b, L 2 2. véeg
.—:cntaon EN
vam"b &cnm
Y-earBoN
QARBN o\n‘zl.u

Which examples have the same mmber
of atoms?

1&42 1&3 2&3
Rm——— x e ]

Which examples have the same kinds of atoms?
l&2 1&3 2&3 '
—_ - _Xx_

4 - OXVYEEN = ORY 6&'N

4+—CARBON A g‘j‘ v =CARBON
CARBON CARBON
INMONOXIDE DIOX\DE

The two gases carbon moncxide and carbon
dioxide are different because they bave

different kinds different number

of atoms of atoms
L] L
They are similar because they have the
same kinds same number
of atoms of atoms
L L ]

*The frames raproduced here are those whick were presented to the subjects as
confirmation frames after they had made their own rasponses. X's are used to
indicate the correct multiple choice responses.
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EDIT THIS SENTENCE

Substances are made up'o:t only one kind
of atom.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect, CHANGE
it. '

SUBSTANCES ARE MADE UP OF DIFFERENT KINDS

(£ 8/0 Q—H\'Dlloasu,

+~CARBON

Substances are made of the same
number of atoms.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHAMGE it. .

SUBSTANCES ARE MADE UP CF DIFFERENT

WYDROLEN
8. c‘:::: %:—womnﬂ
© Y- 0AWEE N
CARBON DiOXIDE WATER.
There is a difference between carbon dioxide

and water. ‘Mske up a sentence using the
words below telling what the difference is.

mumber  CARBON DIOXIDE AND WATER ARE
kinds DIFFERENT BECAUSE THEY ARE MADE
atoms  UP OF A DIFFERENT NUMEER OF ATOMS

R R e st b e Bl ooy
AMD OF DIFFERENT KINDS OF ATOMS.

B-32

1.

13, %(é : &"

9.

Atoms join together and form tiny clumps,
called molecules.

An atom is part A molecule is
of a molecule yart of an atom
x SRR

L )
.

10.

Since atoms joined together make up
molecules, we can say that

& molecule contaias an atom contains
one or more atoms one or more molecules

X

~——> ORYGEN

CARBON

The molecule in this picture is

the whole clump

of circles & smaller circle
-xm L

If the big clump is a molecule, the small
circles ars ATOMS,

o

SoxveEN

WATE

This picture shows the smallest particles
in a drop of water. The atoms are the

small. circles

X

SmE———

groups of circles

Srm——

The molecules ars the

clumps of circles smaller circles labelled

labelled "water" "hydrogen" and "oxygen" -
x L]

i P

R T W ae i s A
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L - R

1k,
EDIT THIS SENTENCE

A molecule contaixis one or more atoms.

If the underlined part of the sentence is
correct, COFY 1t.

A MOLECULE CONTAINS ONEORMOREATGB

If the underlined part is incorrect ’
CHANGE 1t.

15.

Atoms of chloride joined with atoms of
sodium make salt. However, atoms of
chloride joined with atoms of hydrogen
meke & gas. Salt and the gas are
different because they are made up of

different atoms
Joined together

the same atoms
Joined together

SR ~X

16.

Some things, called elements, are made of
only one kind of atom. Gold is an element;
it is made up of

one kind different kinds
of atom of atoms
X
Therefore, gold is made up of
only gold atoms and
gold atoms other kinds of atoms
X » —
17.

Iron is an element. If we broke iron into

ts smallest pieces » we would find meny
etoms but they would be

different kinds

ol atoms Just iron atoms

B-33

18.  molecule of Rust Molecule of Iod.:l.ne

°“"“€®§ (RON

Study these pictures of molecules.
can tell that

rust is an :Lodiné is an
element element
— X

19.

Because salt can be broken down into two
kinds of atoms, we know it is

not an element an element
L L]

20.

Water is made up of hydrogen atoms and
oxygen atoms. Water is

an element not an element
Y L

al.
EDIT THIS SENTENCE

An element is something made up
of different kinds of atoms.

If the underlined part of the sentence
is correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

AN ELEMENT IS SOMETHING MADE UP OF ONLY
ONE KIND OF ATOM.

%‘?lobm?.




e2.

Make up a sentence. Include all the

words below, and add any other words

that you need.

element AN ELEMENT IS

different kinds of JOL MADE UP OF
DIFFERENT KINDS
OF ATOMS.

23.

In an element, the atoms in each
«0lecule are of

' only one kind

different kinds

X

2k,

A molecule of various substances can
contain one atom or several atoms.
Of'ten the atoms are of a different
kind. When the atoms are of the
same kind we know the material is

not an element an element

X

25.

Make up a sentence, using all the
words below.

molecule A MOLECULE OF SILVER

silver CONTAINS ONLY ONE ATOM.

26. | )
Since silver is an element, it containa
different kinds only one kind '
of atoms of atom
LY _x_

Thus, the molecules in silver contain
different kinds

of atoms only a silver atom
L *x

27.

c.nl.ca
B
QARBOT

The picture shows a molecule of chalk.
By looking at the different kinds of
atoms in the molecule we can tell *hat
chalk

is an element is not an element

X

o

28. nipRocey ox e

H{pRbGEN HYDROT Hiok
Molecule of Water Molecule of Water
Each molecule of water has

the same number the same number
of hydrogen atoms of oxygen atoms
as the other molecule as the other molecule

both answers
are correct

~X_,
Both molecules of water heve
2 hydrogen 1 oxygen both answers
-atoms atom are correct
A ERSRS———— L
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CHLORINE — ChlORINE—>
Molecule of salt Mylecule of ult

29.500)um —»

E[hese two molecules of salt are the
same beca.pse they both

contain the have the same
eame kinds nunber of each kind
of atoms ° of atom in the molecules

both answers
are correct

X

If a hydrogen atom were added to one
of the molecules, the two molecules
would be different because they would
have

a different different kinds
number of atoms of atoms

both a different number &
different kinds of atoms

¥
ah

é)i—ouew HIDZOLE < H{DROGEN

ﬂﬂ)MéEM OXY4EN

These two molecules are simila.r because
they are made up of

the same kind the same number
of atoms of atoms
X

These two molecules are different
because they are made up of

different kinds a different number
of atoms of. the same kind of atom

X

'B-35

5. Q+~0xveen @7 oxveen
c—eA&EoN : u"‘wu
molecule . molecule

Look at the kinds and numbers of atoms
in these two molecules, Carbon monoxide
and carbon dioxide are different because
their molecules are made up of

different kinds different pumbers of
of atoms the same kinds of atoms
aln—

X

e Sagn—

EDIT THIS SENTENCE

What a thing is depends on the
kinds of atoms it contains and
the number of each kind of
atom in the molecule.

If the underlined part of the sentence

is correct, COPY it.

KINDS OF ATOMS _ NUMBER CF EACH KIND
OF ATOM iIN THE MOLECULE

If the underlined part is incorrect,
CHANGE it.

33.

Complete the sentence belicw using the
words on the left to help you.

Flour and butter molecules could be
different for either of two reasons;
either because

kinds of atoms THEY CONTAIN DIFFERENT
number of each KINDS OF ATOMS or because
kind of atom  THEY CONTAIN A DIFFERENT
' NUMBER OF THE SAME KINDS
OF ATOMS,

TR aareunt -




3.

The reason that water and peroxide
are different is because THEY CONTAIN
THE SAME XINDS OF ATOMS, BUT THE
NUMBER OF ATOMS IN THETR MOLECULES
)

35.

Although we cannot see them, scientists
have found that the tiny molecules are

always moving. Even in solid objects,

the molecules are alwvays

moving staying still
—x— TR —

36.

It 'is easy to imegine the molecule
in vater moving, but it is also true
that the molecules in a block of
wood are also

staying still moving
—_— X
.
The molecules that make up the air are
still moving
TR L
38.

Molecules move in all substances.
Moleculss are always moving in

all of
wood air tea these things
- X

B-36

39.

Lecther and silver are different substances.
However, the molecules move in

neither of these both of these ‘
substances substances
L] L

ho.
EDIT THIS SENTENCE .

Molecules are always moving only
in some substances.

If the underlined part of the sentence
is correct, COFY it.

If the underlined part.is incorrect,
CHANGE 1t.

IN ALL SUBSTANCES

4.

Make up a sentence, using all the words
below.

molecules MOLECULES ARE ALWAYS
always MOVING IN ALL
substances SUBSTANCES.

o,

Molecules are arranged. differently in
different types of materials. Comparing
molecules in wood and water, you can see
that in wood the molecules are

closer together . farther apart

_x-

iy

[y
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Comparing water molecules with air
molecules, air molecules are

farther apart closer together

000 o
o000 oo
N

OQ o O

Mark the words below 1, 2, 3 in
order of the closeness together of
the molecules. :

2 - liquid
3 -ens
1 - solid

In solids, the molecules are ususlly
CLOSE TOGETHER. '

In liquids, the molecules are usually
MODERATELY FAR APART (NOT S0 CLOSE TOGETHER).

In gases, the molecules are usually
FAR APART,

l“?c

Look at the drawings below. Then, depend-
ing on how close together the meclecules
are, write in below the appropriate
drawings with the words solid, liquid,

Or&_.

00
Py S 0
00 o
LIQUD &AS
In solids, the molecules are usually ‘
moderately
close together far apart very far apart
L EEE—
In liquids, the molecules are usually
moderately
close together far apart very far apart
In gmses, the molecules are usually
moderately
close together far apart very far apart
L ] L) -x_
B-37

o O e 500
O © ::' K 'i*o OOo ° OOO
o O | &35 b o%
aas SOLID LIGUID
L8,

EDIT THIS SENTENCE

Thé more sollid a substance is,
the further apart are the molecules.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrzct,
CHANGE 1it.

THE CLOSER TOGETHER ARE THE MOLECULES

o
&
4
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kg,

Complete the table below by putting
check marks in the correct aquares.

[Molecuies | Moleculss Holecules |
very far moderately | cloce
apart Lar apart 'mmr |

Solids /
Liqui ' v
Gases /

50.

Describe the molecules in:

gus = MOLECULES ARE FURTHEST APART
—-__'—‘—.—_.

1iguid - MOLECULES ARE MODERATELY FAR APART
N

solid = MOLECULES ARE CLOSE TOGETHER
—= o0 ok OGKTHER

51. :
Describe the molecules in:
solid iron - SINCE JRON IS A SOLID, THE

HOLEPULES ARE CLOGE TOGETHER.

milk - SINCE MIIX IS A L THE
RN A ATy s
lodine gas - SINCE JODINE GAS IS A GAS, ‘THE

HOLECULES ARE VERY ¥AR ACARY.

52,

The moving molecules are 1ike children
playing teg in a Playground, always
pushing and pulling at each other,

The closer together they are, the more:
strongly they

push and pull
each other stay still
L L )

g

Magnets can pull towards each other or
avay. The closer they are together, the
more strongly they push or pull.
Similarly, the closer molecules are
together, the

more str ] less s
punh mw p\uw
X

sk,
Since molecules in solids are
closes’ together furthest apart

X

L "

molecules in solids

push and pull
each other the least

push and pull
each other the most
X

R

59,
The farther apart molecules are

the less strongly the more strongly
they push and pull they push and pull
X

Gas molecules push and pull
»ore strongly than less str

onffly~than

diquid molecules 1liquid molecules
X

S—— i
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56.

Complete the table below by putting
chack marks in the correct squares.

S _

[l

e | |~

57.
EDIT THIS SENTENCE
%hen molecules ars closest together,

they push and pull the least.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHANGE 1it. '

THEY FUSH AND FULL THE MOST

58,

Make up a sentence, uning all the words
below.

molecules WHEN MOLECULES ARE
furthest apart FURTHEST APART, THEY
push and pull FUSH AND FULL THE LEAST.

29.

Compare the pulling of molecules in
hydrogen chloride and in ammonium
sulfide.

THE MOLECULES IN AMMONITM SULFIDE
ARE CTOBHER T0GETHES ARD MUREFEE
RE AND FULL WARE. .

60.

When molecules are close together, the
spaces between them are smll., The
spaces between molecules are smallest in a
diquid axs

solid
L

61.

You will remember that the molecules
push and pull most vhen they are closest
together. This also means that the
molecules p.ah and pull most when the
spaces between them are

largest smallest

62.

Id oxygen is used in rockets.

Ous oxygen is a gas. Compare the spaces
between 1iquid oxygen molecules and gaseous
oxygen molscules. The spaces between
gAseous oxygen molecules ars

larger the same smaller

‘*“‘

X

The molecules push and pull each other more
in

gaseous oxygen liquid oxygen

X

63. EDIT THIS SENTENCE
The amount of push and pull among
molecules depends on the amount of

space between the molecules.

If the underiined part of the sentence.is
correct, COPY 1it.

ANOUNT OF SPACE BRETWERN THE MOLNCULES

If the underlined part is incorrect,
CHANGE it.
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Make up a ssentence, using all the
words below.

pulling PULLING AMONG MOLECULES
molecules  orewnd ON THE AMOUNT OF
depends on

SPACK BETWEEN THEM.

65.

Molscules do most pushing and pulling
in a ’

ens liquid solid

X

This is because in this substance the
spaces bestween the molecules are

smallest largest

X _ —

66.
EDIT THIS SENTEMCE

The closer the molecules are to
each other the less they push and
pull each other.

If the underlined part of the sentence is
correct, COPY it.

If the underlined part is incorrect,
CHANGE it.

67.

Hot steam is a gas. Below, explain why
the molecules push and pull each other
less in steam than in water.

68.

Lat's see vhat you remexber.
An element contains

different kinds
of atoms

" of atom

mp———

X

Sn——— ——— .

In elements and all other materials, one
or more atoms form

molecules

X

fragments

690
What makes things different is

only the numbers of
each kind of atom
in the molecules

e

only the kinds of
atoms they contain

both answers
can be correct

X

T0.
Molecules are always
* ‘moving still

X

T.
Molecules are usutlly closest together in
solids  liquids gases

X

The spaces between molecules are usually
largest in

solids liquids

gasas

X

L T
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Molecules push snd pull each other
most vhen

they are the spaces between
closest together are the largest

L L

13.

Below, write wvhat you know about what
dec:l.duth.nmmtod‘whingmdwlling
among molutules.

1.

T4,

Compare how %he molecules of water push
and pull each other: (1) at the surface
of a pool of water and (2) in the
middle of a pool of water.

1. AT THE SURPACE THKY FUSH AND PULL

ONLY STTRWAYS AND DOWMARDG.
2. nmmamm!m

B-k1




ADDITIONAL RESULTS

Table 1

Summery of Analysis of Variance
for the Matching of Ss for:

Work Rate

SOURCE OF DEGREES Of SUNS OF MEAN

VARIATION FREEDOM ° SQUARES SQUARES r

1 1 «39063 «390¢3 .05
2 1 3.51563 3.51%63 &9
3 1 1080.76563 1080.76563 151,304
12 1 «39063 «39063 05
13 1 «01563 «01563 .00
23 . 1 15.01563 25.01563 2.10
123 1 451563 "4.%1563 .63
WITHIN REPLICATES 56 403.37500 7.20313

YOTAL 63 1507.98438

Table 2
Sumeary of Analysis of Variance
for the Matching of Ss for:
Otis IQ

SOURCE OF OEGREES OF SUMS OF MEAN

VARIATION FREEDOM SQUARES SQUARES r

1 1 14.06250 14.06250 51

2 1 2475.06250 2475.06250 89.20%4

3 1 1.56250 1.562%0 .

12 1 «25000 «25000 0L

13 1 49.00000 49.00000 1.76

23  § 4.00000 4.00000 Ak

123 1 3.06250, 3.06250 a1

WITHIN REPLICATES 6 1530.75000 27.33482

TOTAL 63 4077.75000

Significance levels: * = 055 W = ,0l; #%¢ = 001
B-42
R
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Table 3

Sumnary of Analysis of Variance
for the Matching of Ss for:
Pretest Scores - Heat

SOURCE OF DEGREES OF SUMS OF MEAN

VARIATION FREEDOM SQUARES SQUARES r

1 1 1.56250 1.56250 .20

2 1 20.25000 20.25000 2.63

3 1 1.56250 1.56250 .20

12 1 5.06250 5.06250 .66

13 1 «25000 «25000 .03

23 1 10.56250 10.56250 1.37

123 ] 12.25900 12.25000 1.59

WITHIN REPLICATES 56 438.50000 7.83036

TOTAL 63 490.00000

Table 4
Summary of Analysis of Variance
for the Matching of Ss for:
Pretgst Scores - Surface Tension

SOURCE OF DEGREES' OF SUMS OF MEAN
VARIATION FREEDON SQUARES SQUARES ry
1 | «06250 «06250 ol
2 1 2.2500C 2.25000 T .2hn
3 1 «06250 «06250 19
12 1 «56250 «56250 1.80
13 1 1.00000 1.00000 3.22
23 1 «06250 «06250 19
123 1 2.25000 2.25000 Yoo 2l
WITHIN REPLICATES 56 17.50000 «31250
TOTAL 3 23.75000

B-43
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Table 5
Sumnary of Analysis of Variance:
Errors -~ Heat
SOURCE OFf DEGREES OF SUMS OF HEAN
VARIATION FREEDON SQUARES SQUARES ¥
| 1 58.14063 58.14063 T,56%»
2 ) § 172.26563 172.26563 22,39%h
3 ] 76563 +T6563 .10
i 1 3.51563 3.51563 46
13 | " 54,39063 54.39063 7.07 %
23 1 2.66063 2.64063 .;h
123 1 13.14063 ‘13414063 1.71
WITHIN REPLICATES %6 439.37500 7.84598
TOVAL 63 T44.23438
Table 6
Summary of Analysis of Varilance:
Errors - Surface Tension
SOURCE OF DEGREES OF "SUMS OF MEAN
VARIATION FREEDOM SQUARES SQUARES y
1 1 4©5.56250 45.56250 ST
2 1 121.00000 121.00000 lh.zgﬂﬂ
3 1 4.00000 4.00000 .
12 1 9.00000 9.00000 1.08
13 1 56.25000 56.25000 6. T
23 1 «56250 +56250 07
123 1 45.56250 45.56250 5, h7#
WITHIN REPLICATES 56 464,00000 8.28571
TOTAL 63 745.937%0
B-lili
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Table 7

Sumary of Analysis of Variance:
. Visual Booklet - Heat 3

N N T e .

Y SOURCE O DEGREES OF SUNS OF MEAN <18
. VARJATION FREEDOM SQUARES SQUARES r ;%. :
1 1 «25000 . «25000 .70
2 ] 3.06250 3.06250 8.51%#
3 1 - «06250 +06250 17
12 1 056250 «06250 7
13 1 «06250 06250 7
23 1 «25000 «25000 .70
123 ' 1 00000 «00000 go f
WITHIN REPLICATES s6 20.00000 35714
TOTAL 63 23.75000 .

F . Cn’n—ﬁ'w’
A}
vk
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B Table 8 '8

Summary of Analysis of Variance:
Visual Booklet - Surface Tension

SOURCE OF SUMS OF MEAN

OEGREES: OF |
VARIATION FREEDON SQUARES SQUARES F i -
&
| 1 1 5¢64063 S. 640563 k.06 ]
2 1 %.51563 %.51563 3.25 {
g 3 1 1.26563 1.26563 91 Y
! 12 1 «76563 <76543 .55 -,
' 13 1 <39063 <39063 .28
23 1 4%.51563 4.51563 3.25 !
. 123 1 <01563 <01563 .01
[, WITHIN REPLICATES 56 77.12500 1.37723
i TOvAL 63 94.23438 -
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Table 9
Summary of Analysis of Variance:
Time - Heat
SOURCE OF DEGREES OF SUMS OF ' MEAN
VARJATION FREEDOM SQUARES SQUARES. b
1 1 64.00000 64.00000 - 1.66
2 1 45.55250 45.56250 1.18
3 1 529.00000 $29.00000 13,75
12 1 , 64.00000 6400000 1.66
13 1 14.06250 14.06250 .37
23 1 1.00000 1.00000 .03
123 1 . 14.06250 14.06250 .36
WITHIN REPLICATES 56 2145.25000 38.30804 -
TOTAL 63 2876.93750
Table 10
Summary of Analysis of Variance:
Time - Surface Tension
SOURCE OF DEGREES OF SUMS OF MEAN
VAREATICON FREEDOM SQUARES SQUARES r
1 1 13.14063 13.14063 1.30
2. 1 826563 8.26563 .82
3 1 172.26563 172.26%63 17,054
12 1 5.64063 5.64063 56
13 1 6.89063 6.89063 .68
23 1 15.01563 15.01563 1.49
123 1 76563 76563 .08
WITHIN REPLICATES 56 56437500 '10.07813
TOTAL 63 786.35938
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l Table 11
Summary of Analysis of Variance: =
l Posttest - Hest )
SOURCE OF DEGREES OF SUMS OF MEAN
' VARIATION FREEDOM SQUARES SQUARES y
' 1 1 «14063 «14063 02
2 1 54.39063 54.39063 8.16n ;
12 1 26426563 26.26563 3.9% il
'13 1 34.51563 34.51563 5.18% |
23 1 21.39063 21.29063 3.21 |
123 1 «76563 « 76563 "1 ;
WITHIN REPLICATES  S6 382.12500 682366 i
TOTAL 63 519.98438
r 1
Table 12 i
[ Summery of Analysis of Variance: N
Posttest - Surface Tension §
R
L :
] SOURCE OF DEGREES UF SUMS OF MEAN
j VARIAT ION FREEDOM SQUARES SQUARES 2 !
[
[ 1 1 1.26563 1326563 .16
) 2 1 147.01563 147.01563 19,1104 '
3 1 1.26563 1.26563 P |
12 .1 339063 239063 .05 ]
[ 13 1 4351563 451563 .59
| 23 1 3.51563 3.51563 56 !
123 1 4.51563 4.51563 .59 !
WITHIN REPLICATES  s6 418.62500 Te475645 *
n TOTAL 63 $81.10938 ;
B-U47 S
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Table 13 f
Sumery of Analysis of Variance: II -
Retention Test - Heat
SOURCE OF DEGREES OF SUMS OF MEAN l |
VARIATION FREEDOM SQUARES SQUARES
1 1 14063 14063 02 n
2 1 70.14063 70.14063 5 gg* E
3 1 28.89063 28.89063 2
12 1 4.51563 4.51%563 32 ﬂ :
13 1 26.26563 26.265%63 1.8¢
23 1 47.26563 47.26563 3.40 :
123 1 2.64063 2.64063 ~.19
WITHIN REPLICATES 56 776.12500 13.8%938 ﬂ ‘
TOTAL 63 955.98438 { !
| |
Table 14 [
Summary of Analysis of Variance:
Retention Test - Surface Tension 1— '
SOURCE OF DEGREES OF SUMS OF MEAN
VARIATION FREEDON SQUARES SQUARES r
1 1 2.64063 2.64063 Lo
2 1 102.51563 102.51563 15.38mm j
3 ] 1.26563 1.26563 19 =
12 1 «140¢3 «14063 .02
13 ) | 2064063 2.64063 '
23 ] 19.14063 19.14063 [
123 1 3.51563 3.51563
HITHIN REPLICATES 56 370.37500 6.61384
TOTVAL 63 502.23438 ﬂ
B-48 -
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